


1.1 Product Features 

(1) FZ«4'l8 a batterjr-drlvable notebook else portable eoo^uter» 
Ibis eoaputer is .nade thinner and vei^s less than ^e 
existins eospeting nodbls on a policy of attaching ndeh 


impor'H&ce to portability 


Gpnputers are being used in aore various locations ^eluding 


sales activities and sites of.i^obs 


office roons which have been comaoh places 


is9«s.t. This trend has presented a strong 
Ijteivable computers. PI-4 is one 


anytime 


outdoors, and erdiii 


■ ■C2L_Ano.thsir,..djBsai 


to major conventional general purposli^ll^ilii^^ 


strong.' Tills dsssnd is » strong lor hsndy 


- 

PZ-4» which'is itself a general purpose machine urn 


operating system-, still puts much importance on specif 
The keyboard is modularized and can be easily attaehed- 
Removed so that the eoaputer can be immediately eonves^K^I^ 


a specialized machine fit for a specific application 
^i^eing the standard keyboard with an item keyboard and ^^d^^ting 

i. <5i, • ***'•■ ';I- . 

'^Il^cialized sheet on the keytops. The programs for eac^^Spee- 
^ - . ' "■ ‘‘ 

4i^lized machine are stored in a RON capsule which es^ also 
















be easily replaced. 

Many option features can be attached in addition which help 
to build a'specialized system optimum for each of various 



or turning FX*! back on. 

* Easy program selection by menus • A proj 
selected via menus on CRT screen. 

* Automatic routine program run - A specific routine 
can be automatically run only by tuning PX-4 on. 




* Automatic power off - PX«4 is automatically turned off. if 
j^nadvertently left on. 

* Programmed operation -'PX-A can be automatically turned on. 
at a specified time* a specified program can be automatically 


run* and FX>4 can be automatically turned off after the program 
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execution is coapleted. 


In addltionr an alarm buzzer can be sounded and a apeeiried 
message oan be displayed a.t a specified time*. 

The combination of battery-driTen operations and time control 
oapability makeo another step forward in iwidenlng and. diversifying 
usable areas. is much expected as a specialized 

applications such as automatic measurements, autom- 


controls schedule control, and education. 

a Z-80 CMOS main CFO 
Ion as a core. 


* Major 
density Oiroui 

* As many flat package^ 

internal 

PX-4. can provide w f memory 
esdLsting competing models. 

* (Tp to three 32S byte ROM elements can be 
« tjp to 64E bytes of RAM can be iheorporated. 

Tho standard ROM and RAM capacity can be expanded by 3eiecting’^'^%|||^p^ 
from the following option memory featuress 

* ROM cartridge • can contain two 32K b yte ROM .elements. 

* RAM cartridge - can provide a R^ cajpacity of up to 16K (32K 

or 64 R} bytes. 

* Microcassette drive • 

» Extemal RAM disk - can provide a RAM capacity , fe up to ,.64K-; 

. ff- 

C128K) bytes. 




These-aenory devices may be replaced with, models of hi^er 
performance which will be developed in pace with advancement 
in meorary technology in future 

A 40 columns wide and 8 lines hi^ LCD (Liquid Crystal 
l^jsplay) panel is used as data display component* This LCD 

the operator from fatigue of eyes due to variation • 


i^v^^tuhieh has been a problem on conventional CRT 


|p^^,ean be adjusted at various 


he inclined oh 




removed. Either the stendard 

V. 

available for selection by users 

* The item keyboard is used for a spec 

* The standard keyboard can be converted only bjp 
keytops and resetting a OIF switch assembly such 


be be used in various countries 



A conductive rubber key switch contact used in the keyboards 

much simplifies key switch structure and ensures higher reliab- 

% 

iiiW. 

Th^re are the following three categories of optiom devices 
which can be attached to FZ-4: 

* Devices installed directly through the cartridge connector 







* Devices Installed directly through the system bus connector 

* Devices externallly attached through an information cable> 


PZ*»4 can> use a manganese (or alkali) and Ki-Cd batteries 


and an AC adaptor as a main power source 


RAM is backed up by a auxilary (or sub*^} Ifl«Gd battery 
the main manganese (or alkali) battery is replaced* 


of barious specifications are prepared for 
the world. 

foliowing aininuo lives when FX-1 





\Ss 
























The individual option devices which can be attached via the 
connectors-available on. the computer frame are described in the 
following.. . 

1.2.1 Keybaroda 

(1) Standard keyboard 

The standard keyboard, which has 72 key switches and 
three LEDs, basically uses tiie ASCII oede. Itr can conform 
to any of various languages only by replacing key tops and 
^^^lying the character set with a cHAyAflei' tai saUat'dw 






4^8 set as fpllows: 
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The ASCII keyboard Is used for Spanish and. Italian* 

The standard keybaord uses new conductive rubber movable key 
switch contact)i(. 

(2) Item Keyboard 

The itav keybaord isVaa^ when using FZ-4 as a specialised 
machine* 

It has 58 key switches which arm classified into item and 
HHlaric keys. The 31 item keys can serve for up to 62 func- 
^^Ilming them in .'Combination with the shift key; • with 
Hl^igned to each item key* 

listed on an attached overlay sheet. 



election dep- 


Item 


BASIC er 


a PITT PFK eommaH^lii 
. The key swi tch e 


board. 

1 *2.2 Cartridges 
(1) Mierocassette drive 

The miorocassette drive is a audio microcassett^'Pl^lli 

Ur^ 

recorder used as a sequential file disk (namedlH} 

A mierocassette tape has directories at the beginning ( 
up to 12 directories can be contained) in order for quick file 
search. 
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NEXT SHEET 















Tlia nlcrocassette drlre has a CPU built in vhich operates 
by control oonaanda froo the PZ-4. Mieroeaeeette operations 
can also be manually accomplished from the system display. 

Iha microcassette drire panel'has two lamps FREE and EEC. 
The mlerocaasetta tap;o may be ejected when the FREE lamp is 
on» 

Sata are recorded on tape as two audio frequedcies; mark is 

• • 

and space is 2 ZSz^ Microcassette tape data*: can be out- 
ly^uzzer built in the computer f ga m 'e’ or an external 


cartridge interfaee» the microcassette 

- ■ ■ .. 


names J 


The ROM cartridge^iP^ 

ROM wehr ipoT can be easily rep'ld|l^: 


This f^M capsule can contaih 


alent to* 2764, 27128, .or 27256, or mas^'^lill 
one of the two ehtpet is independently desii 

03 


Xd 


which 

iHjigned drive 
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However* the two ^ehAfie can also be Oontlauousl/ read. 

When eonneeted to the cartridge Interface* the ROM cart¬ 
ridge opera,^ea in ^HaJ ^s COB) node. 

(3) RAM cartridge 

The RAM cartridge can be used in the sane way as a floppy 
drive (assigned a drive nane I). ic 


Pi^||g,jtridge contains two 64R bit staiie RAM 


of 16K bytes 


itliliMipted* by an incorported lithiun battery 
battery has a capacity o-f prot 
When the battery .is 




-^nes on at the tine 


either 


The present RAM 


cartridges can also be connect^ 
The RAM cartridge aust be fo 


which can contain up to 16 entries 


The cartridge is organized as follows 
Tracks: 0 - 1: (16K?; bytes) 

0 - 3 (32S bvt’as) • 

0 -‘7*(64K bytes) • 

' Sectors: 0 -'63 

. e * 

When connected to the cartridge* the RAM cartridge operates 
in the data bus (OB) node. 













(4) Digital multiaetar 

An autonaiie neasurement syatan is built by eonnaeting a 
digital aultimatar to FZ-4* 

A digital aatar haa an A-D eonrartar IC and a CMOS CFO 
built-in and aaaauras voltagas.appliadi or raaistanoaa eon- 
across.tha aaasuraaant tarainals. 

eoaaands to tha digital aultiaatar to control 
g^%9nd read aaasurad data. This aeasureaent 
a BASIC prograa. 

||||[jypiaetad with tha FZ>4 and coa- 
ensure teh safety of 



Thus* tha 

Major spaoifili^j 
Maasuraaant 


Voltage or raslstanea ranges 
salaetad. 


Input iapedanea: 
Saapling ratat 


10M ohaa 

4 to 5 tiaes/sao. 




Fovar eonsuaptlon: 9 atf 


(5) Dnivarsal cartridge 

'The universal cartridge" refers to a universal printed 
circuit board which has a eonnaetor aounted and installed in 


a cartridge ease 



Users eaa build any elreult on the board to lapleoent a 
cartridge specific to each user.. * 

The uaiYersal cartridge is can be eontroll\ed by BASIC 
pro grans. 

(6) Direct aoden 

Direct ncdens are presently allowed only in the U.S.A. 

^ direct aoden» PZ-4 can be directly connected to 
data, transaission which ensures eonaun- 


l^ii^PBiEM^^rou^ an acoustic coupler. When this 

^nnect a plug wired to a nicro- 


^aonitored and FX-A 


Because of 


mm 


The nodea contains a CPU and the cartridg* 

I/O aode» It is used by BASIC prograas. 

(7) Cartridge printer 

A cartridge printer is an inpact-type dot natrix printer 
which contains a CPU and RAM and provides a print buffer cap¬ 
acity of eight lines of data. 

Two nodels of 40 and 32 di^ts per line are available which 
are conpared in the table below. 
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Tabu 1-2. Cartridfa priatars 


40 eoUua/lUt 


32 colttaaa/liaa 


Caa priat la eorratpoadtaet | Caa product taay to rtad 


to the PX-4 display. 


llstlaf bteasa of tldor 
ebaretor tpaeias. 


A rifhtaost portloa of sorooi 


llstlaf is loss tasy to roa 
.bocaoso cbaractors art loss I hardcopy drops, 
spacod. I 


Priat spood 1 2.9 sacoad/llao 


socoad/llao 




ding 

teristics 


urea. 


- - . 

Bit ^mage print v. 

Print sheet feed ' ''' 

* Print sheet: 57.5 na vide sheet roU 

* Ribbon: Cassette type. 

% 

» Reliability: 

MCBF: 500.000 lines 

Ribbon life: 200.000 to 250.000 characters 


'V* 
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NO. 

i 

<S 

NEXT- 

SHEET 














The cartridge printer is controlled by the eyaten program 
depending on 4MgFb<MN^DIF awitck'setting (see table 1-1}. 

The printer ia powered, from the main.PZ-i battery. It re¬ 


quires a relatirely large amount of current and an 9i-Cd 


battery’Should be used as maln'.battery. 1 combined use with 


Adapter ia recommended. If a power failure 


or power ia turned off during a print, the printer 
at that moment and tiiua the subsequent 




FX-4 can'^^^tal 


connector installed 
a- special FX-4. interfhce 




lilted to 


signal lines require more than 2 mA pef^ 


needs to be inserted between the connector 


The EFSON OF-100 series printers requires the adaptil^ 

The FX-4 internal character codes are the same as thoaer^H| 
HX-20 and FX-8. Thus, a printer conforming to the HX/FX specif 

•t 

ications ia required when using the’graphic codes. 

A compact thermal printer F-40F which is battery-drivable la 
available as a model for sole use by FX-4. 

In order to put the computer under the control of the PX-4 


system program, the iseybewpA OIF switch needs to be set according 

dwHicisio «ei fellaiieii 
















to table 1-1* ' 

'I 

If power failes la the FX-4» or power Is turned off during 
a prints the p^nt operation, cannot be reeuned by a- Continue 
node and some characters nay be lost. 

Interface 

an option device through an Internal RS-232C Inter- 
OIF switch needs to be set according to table 
devices are available: 

^jg.X-20/21 


orm to the RS-232C speclflc- 



Tht following cd’ 
otherwise specified: 
Baudrate: 

Data fomat: 
Farlty bit: 
Stop bit: 
Control line: 
XOH/XOFP: 




SI/SO: 


Hot used. 


This Is a siapllfled RS-232C Interface built'with CMOS IC com¬ 
ponents.so that the cable length Is restricted. The Ihterfac^!^^^ 




'auk are as follow: 


t 5 V 


Output voltage 









Input voltagai 
Baudrata: 

Cabla langth: 


1 5.V -.1 15 V 
75 - 3aj4K bpa 
1 Au( s t;^ndard} 


1.2*5 Serial I/O (310) Iiiterfaee 

When ualng an option daviea throu^ an internal serial I/O 
interface (Sip)» the keyboard OIF sviteh needs to be set accord* 
ing to table 1*1» The following option devices are available: 
Floppy disk drives 

•PF-10: 3.5-ineh floppy disk drive (.battery-driven) 


5•25-inch floppy disk drive > 

5»25-ineh floppy disk drive (for use by HZ-20} 

















► 


Baudrate: 75 - 38.4K bps 

Cable leagth: 1 n (standard) 

Floppjr disk drives 

FX-4. can eonaeet up to two floppy disk: drives of either 
TF-20 (for use by HZ-20) or PF-10. The possible configurations 
are .^own below* 

f|r. 20 .. s#t DIP twitch to 131 or #31 t^d #32. 

'725 
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The.floppy disk drives are organized as follow: 
<.320K bytes/drive 
80 tracks/drive 
. 16 tfeelwrs/track 
256 ^ bytes/seetor 

MaxlmuB auaber of direetoriest 64 
Capacity available for use by user: 278S bytes 

V 

||||1:es/aeeess 


i|^.jLgned drive names D, F» and G • see 




can be 


attached which 




t»2»7 Barcode Readers 
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1.2*8 System Bus 

^e FX-4 system bus can connect an external RAM disk* It is 


attached to the computer frame with screwa and can be used sim¬ 
ilarly to a floppy disk*. • >•. 

Two models with caoaeities of 64 IC and 128K bytes are available 
64 c to tM bit ROM chip can be added to the ROM capsule 


li!iK,jised for data file. 


uses the same ORAM components as main « 

by an incorporated Hi-Cd battery. The 


-4 power source when 


this unit 




- Iblr-as3i^^'a^'dIi£T<liiVW~n^ 

RAH disk which can be used only when^n^^^^^^ 


attached. The RAM disks are organized as folli^l^^j 
External RAM disk 




8 tracks (numbered from 0 to 7}/disk (64S bytes) 
16 tracks (numbered from 0 to 15)/disk (128R byte) 
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/4 »ct»»««/tt.uck. 

•kuK'k£»>6^ 

- \ ir«ctei'.‘«St 

The laterzihl RAM disk laeludea e. part of aaia FX-4 RAM and a 


64 aeetore (numbered fron 0 to 
Ma^^UB number of dlreetoriea: 


63)/track )i 

32 


A 


maxlBUB capacity of 35R bytea can be apecifled* The internal 




,,diak capacity la apecified at ayatem initialization. The 

butea. 


rated at DC 6 V, 
,and PX-8. 


600 bA. It la comp- 


carrier containing 



one or 

apecial aocket 
accept the ROM capauli 
Mailt 


* ROM cartridge: 

* External RAM 
ROM ia uaed for data filea or containa 


ROM ia inatalled in other than the main ROM aocket. 


file or program ROM can be inatalled in the main aocket. 




atandardr ao called BASIC ROM ia inatalled in the main aocket. 

1 •3.1 ..Option I/Q:Information'Cablea 

The ihfonution eabl.tai>required to all'the option I/O devleea 


are liated below 














Ttblt 1*3. Optioa I/O iofoiatioa eabltt 


Qptloa daylap 


Priattr 




Prlattr 


Cablt A$ty No. 


•731 



Proper lodol 


P-40P<tor PX-4 oso 
- 00 toraiaal priator 


P'40S(for PX-ft ttoo) 

* to. toraiaal priator 


P-40S(for PX-8 000 ) 

• •• toraiaal priator 



IF-15 

PF-IO (PF-XO-PF-IO) 


IF-20--«IF-20 



Aodio eaoootto tapo rocordtr 


PX-4 

k».. 



Emm 


The cable aasembilea and 
the following tables 


table 1-4. Cable Hot 


Cable aoop i Order code Loastb 


Y202100300 
r204080000 I 1. 
r204080100* 
T204080200 
7204080300 
7206040200 
7206040400 
7206040600 
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1.3.2 AC Adapters 

The available AC adapters are listed in the foUoiring table 
together with their applied areas and order codess 


table 1>S. AC adapters 


Miiaililiai ITTM 


100 0 


HOOAAJ 


lEmm 


Applltd trt4 * i Ordtr codt 


J«p«ft X510600020 


Se.A. tad Ctatdt 


Ttiwta tad Kortt 


Qtrataj tad atiihboriaf trtts Z51060e060 


Frtaet tad soatlitra Etropt 


mtk I Eafltad 


Qettait 


itiiEoaE tad Slaftport 






Y201S17000 


Y203S22000 


XS10600100 
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.Pig. 1-4. Botton hAt'fc*'»^ I-- 










































1.4 External Cnwwonant^ e^Ji (. 

The externax ^m^nratww-^Xnd their purpose and usage are exp¬ 
lained here according to the numbers in figs» 1-3 and 1-4* 


(1) POWER switch - PZ-4 is turned on when this switch is set 

OH. Howerer* power may be lost even while the switch is ON. 

(2) VIEW ANGLE' adjustment knob - Allows display contrast adjust- 

ment» 

- Display panel angelitcan be adjusted by raising 
end of the display unit while pushing this button. 

the 40 characters by 8 lines LCD 


the top computer panel by 



item keyboard. 

(8) System bus connector cover - Can bl^ 
A system bus I/O device can be 
behind this cover. 


(9) RESET switch - This fOol-proof switch can be accessed 

a bar much a pencil tip. Pressing this it causes the PX-4 
circuit to be reset. This switch is used in cases such as 
program run away^ etc. 


P/27 




(10) ADAPTOR reeeptackle - The AG adaptor plug Is inserted here. 

(11) .PRINTER cable connector reeepta^S^e^- Nsed bu^onnec^a 

Centronics-compatible printer via a special cable assembly. 
■‘(12) RS-232C^able connector reoepta^e 


U s ed ' to connect an 
u 






option devices such as acoustic coupler and printer» etc. 

(13) SERIAL'interface cable connector receptacle - gjed t e conned 

option devices such as floppy disk drive and printer* etc. 

(14) CASSETTE recorder interface cable connector receptacle - 

ff sed t o ‘connect an external cassette recorder. 

(15) SP (external speaker) output ^aok>* CAed for nicrocassette 
disk drive a.ziaouth adjustnent. 

4||areode reader) cable connector receptacle - Connects 


reader. 


|iOcks/uniocks the cartridge cover to/froo 


cartridge to be renoved from 


( 1 ^) 


laced 

tightened wlt£ 


(2CX-BACOTF -battery- d1 

lacorp.r.t.d Hi-Cd 

be normally OK (it is set Off foftWiiilf’ 

(.21) ROM capsule box cover - Allows access 

for replacement and the Initial reset switch 

The components inside ROM capsxtle box and ROM co'l^^^p 
replacement are explained below. 
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Not uaod. 
Mot «sed. 


Switehas 1-4 apaelf/-one of various language 




sots* 


Switches 5 and 6 specify a connector to which the output 
data are directed* • 

Whenever either switch group is reset, the reset switch’* 
oust be pushed* 


EPSON 

EPSON CORPOIMEnON 

















SV4 initial reset switch 

This, switch is pushed when: 

'■A. The pro gran runs away and a recovery trial by the reset 
switch fails* 

B. Power is not renoved. by, resetting the power switch OFP. 

' dt The battery voltage drops and FX-4 is not powered by 

im^pnecting ‘ttie AC adapter. 

Ss^sv.. 

|f§|f^£n fAils to noraaUy operate. 

^^^^tlal Reset switch loses'ali'pX^datal 






except when recovery fails 




the Reset 
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.8Er and 32K byte-mask ROM 

be used in th.e ROM capsule* P>ROM 




^are available to 
1270 64 ( 8 K bytea) 


and 270256 (J2T bytes) can be used in the capstale* When an 8C 
byte ROM is used» the jumper plugs J5 and XK oust be reset 
according, to the following? 


Table 1-6.Jasper plug settlsf 


;82XB*16KB I Jasper B and epes k -stasdard eettiai* 


Opes B aad Jasper A. 


Jasper B asd epes A -etaadard eettisf. 


Sped B aad Jasper A. _ 





tails the 6ASI0 ROM comp- 


user programs 




B or 0. Only 


'iiiiiiiiiinMii I "j 'mch as ROM carrier, 


(22) Battery box cover 

The battery can be accessed for replacement 

COverm 

Motes on. the batteries and their replacement are summariaeS 
in the following? 

• Replacing the batteries 

Pour manganese”batterie*s’or*a~Mi-Cd battery unit is, install^ 
in the battery box* Fig* 1»6 illustrates the battery- install 
lations* 


When a cartrisge printer or microcassette drive is used, 













the Ni-Cd battery unit must be Installed. Especially for the 
cartridge printery the proper performance cannot be ensured 
without the Ni-Gd battery unit. 



Hi^d battery unit 
in the battery box 


replacement 




PX»4 operation can be resumed 


b.tt.ry. du ring .aln 

Th. stjtnd.rd PX-4 coaXlguratlon eon 
to;* five hours with the manganese batteries or 
unit after replaced* 

The sub-battery provides a capacity which back up FX*«i RAi(f 
for six days (150 hours). RAM is .normally powered by both the 
main and sub-batteries. 
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The PX-4 batteries continue discharge for backing up RAH", 
even while the POWER switch is OFF. Thus» the batteries need 
to be replaced or recharged once a month if the FZ-A is not 
used* If tl^is cannot be ensured, the RAM cartridge should be 
used* 

Power supply conblnations 

powered by three supplies which can be combined 


power sopplj eoabiaatioa 


Mm I supply 





usee the AC adaptor to minimise battei^^p^p^||t^|^i^ 
battery, discharges while the adaptor is eonn’Mi^^>" 
AC source. The batteries are used only while the 
is interrupted. 
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^ ^is eonblnatlon ia used when the option nicrocaaaette '• 
drive or cartridge printer is used* Because of its high inter 
nal iapedanee» increase in load current causes a<larger 
voltage drop and shortens battery life.^ The Ni-Cd battery 
r-M be discharged and recharged 500 times or more* It 
requires eight recharge hours* (The Ni-Cd battery unit is 
(f^unted in expendables*) 

.Ifev.,. • 

i^lfe^vponbination Is best suitable when it ia desired to 
operation if the AC source ia interrupted 
^|. Ni-Cd battery* The Ni-Cd battery can 
year or more* 


days 




is devoted for RAM back- 
ation alone* 
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t.5 Pr-4 Operatian Proceduroa 

«• 

1»5*1 SystaiB Initialization 

(1) Rasat tha POWER switch OF?, 

•» 

(2) Sat tha Bach-up switch ON. 


(First systen initialization 
aftar unpacking) 


(3) 


Install>,'tha oaln nanganasa batterias or Ni-Cd battary unit. 

. ■ ' ' ' (Systan rasatting for racovery 

froa uneontrollabla a tat a) 


Push tha Initial Rast switch. 


tha POWER switch ON. 
tha VIEW ANGEL knobi 


jpushing ^a initial Res at switch) 




SVSTSM INITIALIZE 

•/'TIME <YyM|!lOOhhmii»*s> 840930193740 

:k6'<g; il. 





(End of systaa initialization) 


Powar on (,*}y, 0*1) 


etfelfo”*"" 


09^30 <»JN> 1SS49S39 l/'l 


Manu laaga 


Fig. 1-7. Systan initialization 











T.5»2 StArtlng^ tha BASIC Proeeaaor 


■ ■ Power on 0N<o 



































Olaplfty Image aeeeptlng key entry 


»RIUE> C8Ra 


to exit, 
Saauto start 


ml 

<I1ENU> oa 

laRAM cairtrldee 
4«menu 




Hyin no menu Image 




is required. 


DISPWV » 

Ji8il 


0S^eS <SRT> 

Kg <RLRM> OFFl 

3 <AUTO> OFF 

<nEHU> ON 


•Select or ESC to return. 

<nENU> I^o-ff S*®''*,* 

4aextl S*ext2 •S*ext3 7aext4 


When any option 
. is attached. 


ivm oll8il 8^^ ® 85" 

•Inrut drive names* ESC to cancel 
CBRB 


Enter a drive name 


from A to K 


RETURN 


Fig, 1«10. Menu selection 































1»5«5 Alftro Sttting 


IctrlI * IHgL 

,4>. 


End of alarn setting 


joll!l®TBM_DISPWy » 95^®5^iSgT> ^088 30 

iii 3 < 2 S 8^8 JAb 58 > 9 P 


m DitsiJ ® iPm 

3«wak* 4*f1SQ 


(When the Alarm 
Is enabled) 








20803857 


!f«S!!STEl1,01SPLAy m g2>^5^<SgT> 208 0; 

iiix2S6 § <Ab?0> Q^F 

<I1ENU 0R1UE> C8ADE <nENU> OFF 

*XnAvrt masmama^str in«» ESC to cancel 


Key in a message. 


F SVSTEM OXSPLAV * 05/’05 <SAT> 178 098 27 

<RAM DISK? 026 KS <Aj-RI3> ON 

<USER BIOS> 000X256 8 <SyTp> OFF 

<I1ENU DRiyE> CSA <MENU> OFF 

—Ini»ut memmaee/'str Inm* ESC to cancel 
TEA time 
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p-. (WhttQ the Wake 
141 I feature is enabled) 



Fig, 1-12, Wake aetting 


















1*«5»7 Auto Start Setting 

** • HELP s tart s etting 

• —‘^ f lESd x2 



Fig, Auto start setting 

















1.5»8 Auto Start And• Wake Striixga 

An Au^ Start string and a Wake string can*re]^acT~ean~replaTe 

A 

sequence of ke/ entries required after turning on PI-4* That is, 
an Auto* Stazrt string and Wake string are strings of conaands 
which would otherwise be keyed in. to start a particular pro gran 
After power on; the strings respectively provide autoaatic systen 
§tax1* and systen wake oanarn n -m *0 » 

switches which need to be pressed to start a user 

- to create the corresponding strings are sunmarized 
wake feature is used, PX-4 is not turned 
reset OFP or Power—Off connand is 
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SPfiC^ 




3 + Q 


0 + S 


tD 


[a]’ + [HI 




il4 ihu It fisd ^ fjy ^nli ^yitat'd 

(tsK OrMtir k^hi,A 'iU vu. Sf^g 


alara time with the time 
jjsesaage appears on the 

































1-15* ROM 


Therefore» 

key the foUowlnff when reading a pro gran from the cart 


A>J: filename* or 

% 

A>C: filename 


EPSON 

EPSON CORPOfWnON 



NEXT ISHEET 













1 •5»11 RAM Catrldg» 



Fig. 1-16. RAM cartridge 


formatted before it can be used. Oace 
MUs^l^ing is required until stored data 






entry: 




Fig. t*17» RAM formatting procedure 
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The RAM cartridge la operated as followas 
(1J Under syaten 

The cartridge la asalgned drive naoe I* Thus* It la 
aeleet^ by keying In: 

A>r8 

(2).. 7nder BASIC ayates 

When aavlng a program to the cartridge, key In: 

iiliililiiiilftgv& program from the cartridge, key In: 

..lUSil^a" 




3» Envlronmentu^^ 
* -Temperature 


Operating^ “ . 

Chargings 
Data atorage: . 
Storage: 




. 5^0 - 


0''C - 40''c 

«20®C - 60®C 






Long tarn atorage: *20^0 * 30^C 


* Humidity (relative) 

Operating: 

Storage: 

*' Vibration 

Operating: 

Koh-op era ting: 
ITITLE 

EPSON 

EPSON CORPOlUnON 


^0t » 80JC (No* condenaatlon allowed] 
tO^ • 8$% (No condensation allowed] 


Must not exceed 0.25 0 at 55 Hz 


r NO. - ,, 

KJW , 

NBCf 1 SHEET 






■ ' . f.- » 

^on^j^acking 

Packing 

Aaplitu^e- (an): 

2 

2 

Frequency (cpn}» 

1000 

1000 

Directions t 

X* Zp. Z 

Dp down 


Huff&tlos-(mia*) 30 la.*-any 

dlraetlon 


Kuatnot exceed 1C and 1 G nust not last 
^er'than 1 as. 


and naturally 


Packing: 


general functli||ii 

Pack the co*mputHli|| 
Hatnra^^ 

rdrop ihe package on a co 


mm 


hel^t of 50 ca» once with each 

faces of the left and right aides and 

top and bottoa faces down 

Vo abaomality should be observed in 

extamsLl appearance* construction* or gen 

%■ 

eral functions. 


4. CPtTs and Meaory 

» Main CPC . z-SO coapatible CMOS CPU 
Clock rate: 3.68 MHs 










641 by*" . 

ttOMt 32K ^ 

^ ^ 6AKt>y^«« 

ROM; capaule* - ^q- Crr 

„.„ crt - >»•‘-“V"“ 

*,-» 270 K2* 

Clock rates . 

4 j: tjytea 


^t.3 W b.«.*i.» 




Jxd/or 


» « -. »r-e4' 

_,-S«b-b«b r, _ ^ ^ - . , 

»,.ina •-»*?“* 

■g^„,,.«atrmb‘ 3 \ _ 

'rrt..d«:4 k«y**“* *„«tlb.*-W b«‘ ’ 

«od.. «• !•»"•“'“* ” 

; Kod. . 

. me« k«yb«»** 

,u.b.r of boy.. » ^,,,..,.d 0 , 3 

H,d. 
















B»W «'^**-**‘^ .^.18.^““* 

3,100 W tr****^”"** 

“^“*,,1200 !>?• - 
,S00/75 or «/ 

Sarity Ol-'- 

;»r. 










Data bus: 


8 bit wide 
















CHAPTER 2 PRINCIPLES OF OPERATION^ 

# 

• • 

2*1 Standard PX-4 Hardware Configuration 

The standard PZ-4. hardware configuration is shown in fig* 

shown in photographs fron 

2-2 to*2-10. 


mmwmmMm 



Anzlliary 

hattsry 


I Cartridfe 
" 1 opti'oa device r ■ 

fU. St..l.rd>t.4 


(1) Major circuits are collected on a single boarl'^'1i$y|^"‘'' 

(2) The keyboard unit is built with key switches and ligffl 
emission diodes* There are the two types of keyboard units; 
standard and item* are available for user's selection. 

I The two units are compatible 'to each other. 

(3) The LCD (Liquid Crystal Display) unit la consists of an LCD 
panel and an LCD drive circuit. 
















■■■ 


(4) The PX-4 AC adaptor Is completely compatible with those for 

EPSOH HZ-20 and FX>8. ' ' 

(5) The sub-battery Is Incorporated In the computer. This Nl-Cd 
."’battery Is solely used by PX-4. 

Kanganese dry’celXrbatterls of a Hl-Cd battery unit can be 
;^l^,the main battery. The Nl-Cd battery unit Is solely 
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^op eomptttar vlev as the keyboard unit removed 



■;>^ri-5te®4"-s:v'-v;---;f;" 

L- r *\fr~'[. ^•••twc »u><jt-'-.''t^T-. ’y* - 


^oiy. yiv;-'-!:?;:^’j: vi.: 













































Power supply while power off 














2-29• Power supply while power on 






2»5*2 Capaeities 

The DC-DC eonTerter can support a normal system configuration 
including a usual option device* However* a special measure may 
be required whens 

(1) A circuit of the user's own is connected to the system bus or 
cartridge Interface* 

(,2) Any cptlon device* which consumes much power* such as direct 
barcode reader* or micro cassette drive'is used* or 


.vgne option device are simultaneously used. 




converter output specifications 

4 to 7 V 





3 -t-e 


mMm 


The output rarrenta need to be in the. listed ranges. Thus.1 
the difference between the upper current limit of each output 
and its current current consumed by the FINS board with no 
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option device attached is available for option use. 

» Power "supplies available for options 

The foUoving^ supply currents ara available for options: 
Table 2-2. Power supplies available for options 




while fow€h SH 


VB2 




C hAit I 



/ C < 1 *./^ 

( mAt*) 


1 




which shows the power distributions 
l|!||i-^W4ll#|i^ption devices. As obvious from the 

l3y each interface 
»^.aupply currents must 
any is exceeded. 




maximum values required 
in combination. 


The VB1 current value is shown as averagPI|^0li^^ 




cause it is supplied from the main battery. When 
generates a large surge such as cartridge printer or micl^^ 
cassette drive is used* .a Ni^Cd battery unit is required. 

If the microes.ssette drive or ROM cartridge is operated * 
oi^y with the AG adaptor, the V61 temporarily drops due to 
surge current. However, the power supply circuit connects the 
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NEXT 
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flSi^^attery to the VB1 line to compensate for the surge* 

9 

thereby preventing disturbance on the DC-DC converter output 

» Combinations of option devices 

The *5 Y supply can ba’‘most critical when usin^ more then 
one option device in combination. Table lists the operating 
*5 V supply current requirement of the available option devices 

|able 2-3. V current requirements of option devices 





BaKatcl r«a«ieh 






Option devlees 




60 mA* must not be 8lmultaneoul^^^^|^j|^^^^ 
is required* leave some standing by 
requirement below the limit. 
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The following eomblnatlons are not simultaneously allowed: 

(1) Barcode reader and microcassette drive 

(2) Barcode reader and direct modem 

* BatteiT* charge cycle 

The standard FX-4 configuration (with no option device) can 
be used without the AC adaptor for the following periods of time 
^l^ud recharging the main battery • battery exhaustion is 
fK^tm^^v^by a message ''CHARGE BATTERI": 

Discharge time (hours 


mi 






.ssu.«i to b. 2 nA for 

----— 

hours as given by: . 

Discharge tine (H) » 450/105 

because the PINE board operating current requxfliill^lill?i 

, 

The stand-by current requirement of usual option 
falls within an error range from 2 to 3 mA. However* the 
lowing devices a little shortens the main battery discharge 
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Option device 
Microcassette drive 
Direct DOden 
External RAM disk 


Stand-by current reoulrement fnA ) 

u. 

7 

5.5 


* PIHE board and option device current requirements 

The current requirements of. the FINE board and all available 
^^lll^iv-optlon devices are listed b^ov< -> it is assumed that the VB1 

supplied from the Ni-Cd battery (VB1 » 5 V). 

obtained by adding the currents 
all the attached option devices» 



(2) ROM cartridge 
t5 Always 

Operating: 


Stand-by: 
(3) RAN cartridge 

t5 Operating: 
Stand-bv: 
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(4) Mloroeassette drive 
+5 Operating: 

Stand-by: 
VB1 O^ierating: 


Stand-by: 
Cartridge printer 


. Always 


24 mA 
11 nA 

130 mA (During PlAI) 
142 nA (During Wlim) 
t4 nA 

2 nA 


'^ing: 300 nA (During continuous print) 


2 mA 




VB1- 

— “shitty. ' ■ 

(7) Ext.rn.1 HAM disk '' 

VH1 ■ 0..rxtl«r -26 36,1^ . 

. VB1 Operating* zo - 30 nA ; 

Stand-byr 5*5 nA 

(8) Digital nultineter 




Operating: 5 nA 


Stand-by: 
(9) XP-20 (SIO) 

; VB1 Always 


0 (Power-off node) 


3 mA 


Always 


2*5 nA 
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(10) MX-80 (Printer) 

, t5* Operating: 11 mA 

Stand-by: Nearly 0 

VB1 Operating: 16 nA 

'.Stand-by: Nearly 0 

(11) External eaeaette recorder 

Operating: Nearly 0 

VB1 Operating: 40 mA (While power relay actuated) 
reader 

iil^iing: 35 mA 
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2.5.3 7508 Siganls 


7508*13 a 4*blt CPIT which has Internal prog^rams devoted to 
control PX-4. Its Input/output port functions are defined by 
the programs. 

Fig* 2-31 .Is a block diagram which shows the 7508 signals 
associated with power-off control. 





'TT 





ec-^ 

CONVERTO 
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The individual signals are described below. 

FSW: A POWER switch state signal • when low* this signal 
indicates that the POWER switch is OFF. 

Turns'PZ-A on/off - when high* this signal turns PI>4 off. 
OFF: A Power Off signal which is activated hl^ when PZ-4 is 
off - this signal connects the sub-battery to the VB2 line. 

4 Reset signal - low when PZ-4 is off. 
sndar Clock signal. 

^hich control DRAM refresh. 

_ 

second Interval which controls power 

. 




^ detected 




detectea''^ 


sets the 


25®C 




when it is in 



._JEMPD:. The. temperature, 

the temperature is hi^er 
TST: The 7508 Self-Test signal -* sefiri^l 

while PZ-4 is off and used as an output^5^P|gg^|fmi 
7508 is self-tested when this signal is high. 

RS: The 7508 Reset signal - when hi^, this signal 

an initial reset on 7508. After the Initial, reset signal 
is removed, the internal program initializes necessary 
I/O ports for odtput • by deactivating their outputs. 

i 

The I/O port outputs m^y be initialized not only high or low 

r 

bu't slIso to A InpodA&co ststo* 
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Fig. 2-32 is a block dlagem which shows the 7508 signals 
associated with power-on control- 




_ .,2 

f-a o—>p 


The individual signals are 

RSI: The Reset Switch State signal - when 

indicates that the Reset switch is activated. 

^pWiSVVf ' * V««^*,**AV* V** V«*V-^V* 

OPPW: A al^al. which supplies power to the battery low 

detector circuit - when low, this signal supplies power. 

BTRC«'A signal which sets a voltage limit to be detected as 
low voltage - this signal sets the limit to 4.99 V when low. 
and to 4.80 or 4*00 V when in the high impedance. 
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BTRD: The battery low voltage detector circuit output signal' 

- goes low when power fails* 

ADS: A signal which detects whethercthe AC adaptor is used or 
not - high when the adaptor is used. 

V 

I 

TST: A signal which connects the sub-battery to the V61 line* 
Zl!ft5: The 7508 interrupt request signal to the main GPU* 

* Serial data, input. 

^f^al data output.' 

signal. ’ ’ . 

:i^%9K^1^t^sfer signal. 


WhUe PZ-4 is 


clock 


7508 can be activated 
interrupt, which occurs when .the* 

interrupt, which occurs every 10 seconds,’'‘^€^^|Sl^N!^‘^ 

Vihen started, the clock signal oscillator sliiri^-.OS''Q(4S^IHiii 


and the 7508 internal program performs one of the folX)i^^| 

procedures depending the interrupt: 

(1) For the timer Interrupt, 7508 supplies power to the temp- 

• • 

erature monitor and battery low voltage detector operational 
amplifiers to enable the functions and set a DRAM refresh 
mode* Then, after checking* the time alarm function against _ 
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the calendar clock count, it turns the operational amp<» 
llflers and returns to the stand-by mode. If the time alarm 
occurs at this time, 7508 sets the Alarm bit of the status 


code to 1 and turns power on. 

(2) For the FOWER switch Interrupt, 7508 turns the operational 

♦ 

amplifiers to examine the battery voltage. If the voltage 
ii^StC^Tnal, It the Power Switch bit of the status code to 1 


l^^iP^^iipwer on. If the battery voltage Is found too low, 
§IS(liiil4l||^^|!;|l&tlonal amplifiers off and returns to the 


reset, 7508 Initializes 
status code to 1. 




St^ir.eturns to the 


stand-by 




* While PX-4 £s_on, 7508 


Is pressed unless It Is 

When a key Is pressed,. 7508 de*tec'f#^|P| 
rupts the main CPU which returns a command' 
key 00 de. 

As long as FZ-A Is on, 7508 Is Interrupted by the tlmeF 
every one-256th of second and accomplishes the following 
(DCheoks If any command has been received from the main CPtJ^ 
and processes the command If received. 

I 

(2) Checks If the Reset switch kas b e eri pushe(L«^& Issues the 


-3581 


















Reset signal,.and sets the status bit to 1, if pushed. 

(3) Cheeks whether the POWER switch Is set OR or reset OFF, inter¬ 
rupts the main CPU, and sets the status bit to 1, if ON* 

(4) Cheeks for power failure, interrupts the sain CPU, and set 
the status bit to 1, if any power failure is detected. 

S^tputs the. calendar clock. 

time alarm, interrupts the main CPU, and sets the 
if the time alarm occurs. 

S».de or data only when requested from 
iojUi^l^t^^liil^^terrupts the main CPU to send 


When 

7508 status cd 


and 7508 


mt^lHliNkand examines the 




^HKiH^..CPU 


* 7508 power failure handling proced^pi 


When a power failure is detected,* 


procedure 


(1) Checks if teh AC adaptor is used. If used, 750iNi|||^^l|^|^ 


power failure. This is because PX-4 can recover from 


failure and the -^5 7 supply is not disturbed by power failure 


when the AC adaptor is used. 

If the input to the DC-OC converter drops so much that 
the t5 V supply cannot be stable, the sub-battery is auto- 























matlcally connected via transistor Q13 to nalntain the 
>5 V supply stable. 

(2) Connects the sub-battery to the main battery via trans¬ 
istor Q12.when the nain battery is the. Ni-Gd battery unit 
or the AC 'adaptor is used. Because the Ni-Cd battery voltage 
drops faster in power failure, the supply line is backed up 
by thecsub-battery until the power failure handling procedure 
PKH^leted. 

every one second and, if no Power- 
within 50 seconds, forces the battery 




50 8 op era tio ns * 
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Fig. 2-33. Flowchart 1 - 7508 operation flo 
while the main CPU ia not operating 
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2-34, Flowchart 2 - 7508 operation 
'flow while the naln CFH Is operating 
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The foilovlng flowchart sumnarlzea the 7508 power failure 

handling procedure: 

Power, failure handling procedure 


Rnv«r 


occur* 


s 


Scans 


keyboard 




Connect y nuxilioty^ - ,, 

to man^an«5«'- Miery 








PH*«r 




lw«Z Rwf 


0mI 

Signal y 


Turns power 




Fig. 2«36. Flowchart 4 * power failure handling procedure 























2.5.5 Initial reset 


level 




OFF- 

ziRa 

OPfW 

RSOF 
RD Y 


ISSfcSsfevv, 


V U« 

J 


n ? 


£>I0 MAXW 

WTTBRY 


INITIAL 

RS 

SWA- 

^<1^1 



asocup 

BATTEPr 



1. Pig. 2-37 initial reset 

The Initial switch is pressed to start 750%;.; It 


is pressed, the power is applied to 7508 and it is -rell^ 
initially at th« same time. The output port o£ the 4-bit 
CPO 7508 is initialized with th« beginning of the program 


contained in Itself. The oscillating frequency of the 
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clock of 7508 is determined by CR which is connected to 
CL2 and LCl# and the period at cheek terminal ?30 can.be 
adjusted to 46.3 - SO.O ms with VR2. When adjusting VR2, 
short juniper plug J1 with the power switch turned off and 
press the'* initial, reset switch. 


2.5.6 Memory backup 
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2.5.7 Setting the output level 


•powfV' OFF 


i-C-D 


( 21 ) 


Hi-Z 



WAIT 


ROHE 


(tAPNOLI 
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Pig. 2»40 Maintaining the neoocy 
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If 7508 Is started, OFF signal is set to level S, 


and RSOF signal is set to level L. 

The reset signal RS of the main CPU is output from 
GAPMDL, but it is set to level L while the power for the 

nain CPU is turned off or it is in the transient state, 
l^-.'this, the input from the main CPU is prohibited by the 
mi^^ray to maintain the condition of the internal 


iilmal is outputbed to refreshing signal 

L, the deem refreshes itself 


memory. 


C3i» 




4FBI 

2-41 Clock for calendar clock 

OFf 
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gven if the power switch is turned off/ the calendar 


clocke is operated by the battery 


The clock signal is divided into 32 in GAPNDL and 


inputted to 7508. This signal is further divided in 7508 


to obtain the final signal of 10 seconds. By this, 7508 


can be started periodically. The functions of calendar 


and alarm are executed by the RAM and programs 


7508. The crystal resonator is the same one 


Hiiiilii^tches/ and its accuracy in oscillation is 
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Th« mefflocy of the dram used in this device can be 


refreshed in the IC by setting refreshing signal RF to . 
level L. Therefore/ when the power is turned off/ the 
dram refreshes itself. The self-refreshing mode is set 
7508 according to the ambient tea^erature to reduce the 
power consumption of the dram. The ambient temperature is 
detected by the temperature sesor circuit through the 

and input)M4| to the drum through GAPMDL. That 
liilMt determined by input signals W and CAS of 
ililKItR the table flows (into each IC). If 
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Plg^ 2-43'--Turning 


7508 detects the condition *o£ 

SWl is turned on, 7508 set PON to level 
thisr level H is Inputted to the input of the ollprut 
control of the OC-OC converter# then the OC-OC converllil 
starts the oscillation. 

After -^5 V is stabilized# if 0?P signal is set to 
level L# Q4 is turned on and the voltage of VB2 becomes 
almost <<>5 7. At this time# the sub-battery which has been 


EPSON 

EPSON COPPOfUTION 



SHEET NO. 
REVISON 



SHEET 












connected to Vb 2 is disconnected by this signal. 

If the AC adapter is connected, the output voltage of 
the stabilised power supply (Q17) becones higher than that 
of the battery, and the current is supplied from the 
adapter, ^erefore, the current from the battery stops. 

If the current from the AC adapter is cut off, the power 
is automatically supplied by the battery, that is, the 
^^^liJoes'not fail. If the voltage of the battery lowers 
^^fr is turned orff, the povier is not supplied 
||||g||ii^!l^|tch is turned on. 




L, 7508 starts to 
:sf|:yecking for the 
iiiimmtibn, 7508 
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2.5.13 Clock signal 


powc(% ON 



If the DC-DC converter is start#9< 

supplied to the main CPU and the osclllal^ii^liij^^f^the^^^ 
oscillation. 

The clock signal supplied to the 
dividing the signal of the oscillator 



• • ^ • V# • * • • • • • V* v» • • • • • • • • • • 

is madP^^^^ 


within the 


GAPNIT. Since outputting the clock signal is prohibited 
by OFF signal, it is outputted when OFF signal is set to 
level L. Since RS signal is still kept to level L after 
OFF signal is set to level L, the main CPU is still reset. 


EPSON 

EPSON CORPORATION 


TITLE 


SHEET 

REVISION 


NO. 


NEXT 




SHEET 


















2.5.14 Resetting signal 



F<^ 2-41. Resetting signal 
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7508 controls the sequential operation of the power 
supply and resetting (See the time chart), sicne RSOF is 
set to level B in the program of 7508, the interruption by 


the timer is necessary, and that is possible when XI is 
inputtted. RS signal outputs RSOP signal after 
synchronizing it with the clock signal within 6APNDL. At 
time, OFF signal is set to level L. If the reset 
If pressed, 7508 will' detect this, and resets the 
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♦-CLICC3.6?6^HH2) 

Pi9. 2-47 input signal of 
If the reset signal is set to level H, the mail^^if 

•‘AVi 

start the operation and outputs the memory request signal 

MRQ. At this timep if bus rquest signal BORQ or wait 
signal WAIT signal is set to level L, MRQ is not 
outputbed. BORQ is the signal used to set the address bus 
and data bus of the main CPU and the system control output 
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to the high-impedance condition. This signal is kept to 



level B'and used in case of DMA (Direct Memory Access). 

WAIT is o^tput^e4 from GAPNDL when the dynamic RAN is 

» 

accessed at HI cycle. On receipt of this signal, the main 
<^pa lengthen the access time of the diiam » 

The interrupt request (IRQ) is the interrupting signal 
the main CPU from outside, and the 


prohibited or permitted by the 
I^ Ul feting IRQ is prohibited by the 




until the 




prohibited4a^y|fe.®|i||6^!|g^^|iis^|-Abi^||iyiliiption 




(04W). 


The non-maskable Interrupt 
and not used. 


WAIT signal of the system bus is kept to levii^^p 


used when accessing with an external RAM disc installed fi 
the body. 

While the power is turned off, outputs WAIT and ZINT 
of the gate array are set to the high-impedance condition 
by OFF signal. 
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2.5.16 Output signal of main CPU 


J 


•V.*A 

•WA '••A*.*^v^‘**^*AV 
•\iS 




-DDa^U 


^fcM.ROu 


-5“sYSTth BUS 

- 4 C(tAHHP) 

rfoRMTlT"'® 


IV• v» • •■♦• • « • • • • •.V• 1 • • !• • v» • • • • tv* W* \ • I 

. •■■"sr i 


BUS 

tranceiverJ 



V ;V.VSVftVftViV 

.. 

' The naln CI^O has the stand4)y 
power consumption. If the main CPU is readf^^^^iMjili 




interruption signal from th key boards HLT commandill 


executed to set the main CPU to the stand-by mode, then 
the operation for the outside including the memory 
refreshing is stopped to reduce the power consumed in the 
circuit. Therefore, the main CPU cannot control the 
memory refreshing of the dram, but 6APNDL has this 
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pecfocnance instead. The stand-by mode is released when 
an inte'rrupting signal is inputjbe^r and the main CPU 
process the date, then set itself to the stand-by mode 
again. 

While the resetting signal is inputb«il to the main 

\ 

CPU, the address bus and data bus are set to the 
high-impedance condition and all the control outputs are 
set to level B. When the main CPU is set to the stand-by 
miP^the outputs of the address bus and data bus are not 

to either level B or level L) and BALTA is 
other control outputs are set to level 




connected to the main CPU 




addresses 
IC. Therefore 


the main CPO are input 
enable signals shown below 

(1) When accessing the RON, the RON e 



is outputfced. 

(2) When accessing the ORAN, the DRAN enable sighl'i 
is outputfeed. 

(3) When using GAPNIO, the chip select 10 signal (CSIO) is 
outputbe^. 
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(4) The I/O registers in GAPNIT are selected. 

CAJ^NDL controls DRAM (64 kB). The address signals 
from the nain CPO are converted into 16-8 signal lines 
within GAPNIT and inputhe^ to GAPNDL. GAPNOL outputs 
these sigqals to DRAM and uses sone of them to select the 
internal I/O registers. The data signals of ORAM is 


connected from GAPNOL to the main CPU. GAPNIO works as 


^^^I^J.nterface when the main CPO controls the cartridge and 

GABMP is connected to the system bus to 
memory, 
signal 


address or I/O 



Data bus DBO - 0B7 (Tri> 


The data bus is a two-way bus'^i^^^^.u^ed tt. . '. 

*‘A*.\V/^V^.*iVA;t^;^V.‘V.*V.‘t \VAV.VAViA/.Vvit^*V^’.VA*^’A^l 
V*.*. iV.AoV-'AVAi*.*;;? 
••*V/.V/.Vrt\V.A^A;Vt^V«AV.V.VV.V\^ 


transfer the data between the memory and 
I/O devices and CPU. 

Memory request MRQ (Tri-state output) 

This signal is outpudbe4| when accessing the memory to 
indicate an effective address is outputjb««l[ to the address 
bus. 
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Read RO (Tci-state output) 


menotcy* 


This signal indicates the data bus is in the input 
state. The meaiocy or an I/O device outputs the data to 
the data bus synchronizing with this signal. 

Refresh RF 

This signal is output(»e^ to refresh the dynamic 
memory. This signal is not used in this device to refresh 


1 HI 


indicates that the machine cycle 
the instruction fetch cycle. 


data bus is in the 

sent to the 



I/O request lORQ 

This signal is 

and indicates that an effe'Ctlve 
to the address bus. This signal outpu^^l^^S^I^ 


v*v»*v.*v«**.v.v**v»*V«*V.**/.' 

MI indicates the acknowledge cycle of inter 
the I/O device outputs the response vector.to the 
synchronizing with this signal. 

Halt HALTA 
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This signal indicates that the CPU executed the BALT 
coninand’.i The CPU outputs this signal and set itself to 
the stand-by mode. 6APHDL refreshes the memory 

synchronizing with the Ml cycle, but if it receives this 
signal, it starts to refresh the memory according to the 
clock in the IC. 

Be sure to turn on jumper plug J6 when using 
||J|70008C as the main CPU. 

^^^^I^l^ledge BUAK 

... 

indicates the the CPU received signal 
|^p^^^^^^^ft||g;state output to the high-impedance 

in case of DMA (Direct 
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2.5 Detailed Circuit Descriptions 

The three gate arrays used in this computer are custom-designed 
and contains circuits of various functions. They are interrelated 
with each other in operation and, in addition, circuits of dif- 
ferent functions are intermixed in each. Thus, their operations 


appears complicated to understand 


section describes individual circuit operations along the 


Thus, the subsequent descriptions provide trouble 
P^^^^^^^^^^^^including explanations on every check point. 

||j|lt!^.amal operations of the gate arrays 

readers to understand internal 

. 

required for the circuil 


Most 


arrays 




of the g 




If no signal is observed at 
all the associated input signals need"’^^^^^^^KIi 

2.5.1 Power Supply 

The power supply control is described according to 
2-28 and 2-29. 

* Power on 

(1) Even while the POWER switch is OFF, power is supplied from 
the «Hii-battery to circuits which need to operate and memory 

















for back-up. 

(2) When the POWER switch set ON, 7508 detects it and activates 
the Power On (PON) signal hi^. 

(3) The PON signal starts oscillating- the DC-DC converter which 
« 

supplies power to all circuits. 

(.4) Transistor Q16. turns, off: to disconnect the sub-battery from 
^^p)wer supply line. Transistor Q4 turns on at the same tine 
the operation of connecting the *5 V power source 


mm 


computer circuits are 
adaptor. 

ij^^M^te^stor Q16 turns on 


the same time 
(3) The PON Signal is 


This completes the power off 

V. 

(4) Even after ppwer turned off, memoi|N^^^i^^ 
other circuits are maintained active by the 

* Power failure 

When the Nl-Cd battery is exhausted and a power failure 
condition is detected, transistor Q14 connect the 
to the VB1 line to maintain power supply until a power failure 
handling procedure is completed. When a temporary power failure 


-2- 
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Fig. 2-7. Standard («fapanese} keyboard 







































Fig* 2-10, Item key fixed contacts (pc board) 

The standard and Item keyboards are built in a three-layered 
structure as illustrated by figs, from-2-8 to 2-10. They can 
be completed by simply putting the pc board on the silicon rubber 
sheet and* then the key panel on the pc board, and clamp them 
together with screws. 

o 

The movable contacts are conductive rubber chips which are 
embedded on the silicon rubber sheet. They make use of the 
elasticity .'of the silicon to minimize mechanical wear; thus 
































































































2-13. LCD pc board - LCD mounting side as the panel 
plate removed ' 




Note: Metalic LCD panel clamps are removed in fig. 2-12. • 


























































































































































































Fig* 2-19. RAM cartridge board - wiring side 
. f U j4-- m S' \ 






































































































2.2 PINE Board 


this section describes the individual circuits on the PINE 
board. 

Fig. 2-25 is a block diagram of the maximum PI-4 hardware 
configuration. Most of the basic PI-4 functions are implemented by 
three custom IC elements (gates) and their surrounding circuits. 
Fig. 26 is a circuit diagram of the PINE board. The subsequent 

•4 

^^^^^tions. are made according to this diagram. 

terminal. Junction, or element is referred to by 
^^^e diagram. The PINE board circuits are class- 

i^H^^^^^liirJLption: ' . 


4. Gate ^i^^ 

5. Clock os 

6. 7508 CPU 


7. 7508 surroudning circuili 

V. 

8. Power supplies 

9. Check terminals 

10. Jumper plugs 

11. Variable resistors 
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2.2.1 Connectors 

% 

(C-1) System Bus connector CM2 

Connects the external RAM disk unit. 

(E-l) LCD connector CH3 

Connects the LCD unit. 

(H-4) AC Adaptor connector CM4 
Connects the AC adaptor. 

|y|in Battery connectors CN12 and CN13 

ibiyely connect manganese batteries or the Ni-Cd 




keyboard DIP 


(A-S) RS-232C connector CM6 

Connects the RS-232C cable 
(B-8) Cartridge connector CM9 

Connects an option cartridge 
(C-8) Centronics Interface connector CN5 

Connects a.Centronics^compatible printer 
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(D-8) Serial Interface connector CN7 

Provides simplified RS-232C interface signals. 

(D-8) Barcode Reader connector CN11 

Connects a barcode reader. * 

The barcode reader interface is not supported by the operating 
system; an application program is required when using the*.bar- 


iM.$. reader. 


mmmmm 


cassette Recorder connector CR8 
gxternal cassette tape recorder. 


for microcassette drive 



















(B-3) ROM 

This, capsule c® 
of its capsule strui 


installed and removed. . 

Normally BASIC ROM is installed in 3 

***** • •.. • 

assigned a drive name Bj key in or write "DRI^^^S^ 
accessing the ROM element. 
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(B-3) ROM Capsule (8C) 

Same as the above capsule (9C). 

Normally an application ROM element is installed in this 
capsule. It is assigned a drive name B; key in or write "DRIVE 
G:” when e^ccessing the ROM element. 

t 

Notes: 

CMOS HOM elements should be Installed in the capsules. 

ROM elements consume more power and are less preferable. 

or 32K byte mask ROM element can be used. An 8K 

element can also be used. 

tandZor i 

plugs Zk V J 5 must be changed 
whenever the current one is 


•VAV.vVaVaV.'A'AV 




When 

• . 

*•1 

be taken of addresses. 


(G-2) 6f byte DRAM v. 

^ 65 » 536 —byte dynamic Rj^ IC 
r DRAM j 

Since eacn^IC corresponds to a bit of 

are accessed at the same time. 
tiBAM I 

TViaTTfVs are haelcad ur» hv the sub-batterV2 thev are 


Th^ICs are backed up by the sub-battery; they are 
refreshed while the POWER switch is OFF. 

The ICs are NMOS. 
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2.2.4 Gate Arrays 

(E-2) GiA'PA/^L’ (Gate Array for PINE DRAM and LCD Controller) | 

This gate ar,ray controls the PINE DRAM and LCD unit, I 

The -IC is backed up by battery, the internal states are 
maintained unchanged if the POWER switch is set OFF. 

(The internal gate array■ circuit is made up of approximately 
800 CMOS cells. 

(Gate Array for PINE Interrupt and Timer Controller)! 
is also one of the PINE gate arrays and incorporates 

^^^^^^^4l!cui ts: 




* I/O poPI|; 

This IC is backed ’Wp 
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regardless whether the POWER switch is ON or OFF. 
(2) Temperature sensing DRAM control 




While PX-4 is turned off, this feature senses DRAM 

I 

temperature and provides an optimum DRAM refresh control. 
(3) Keyboard control 

7508 controls the keyboard as long as the the POWER 


oh by sensing that the POWER 

by a command 



sub-battery 

(7) Interrupt signal output 

7508 outputs an interrupt signal to 'the main 

* Power fails, 

* A key is pressed, 

* The POWER switch is set ON/OFF, . 

* The alarm signal is generated, or 

* An i-second interval signal occurs. 

(8) ,Serial data'transfer 




/n 

























Serially exchanges data and commands with the main CPU. 
(9) alarm detection 

7508 detects an tlmin-gJalarm which Is programmed to occur 
at a specified time and provides the following system start- 
functions: 

iji^SsSIums PX-4 on i'when it has been off. 

an Interrupt signal when PX-4 has been on. 

^^^^^^^^^^ding 7508 


wired in a. matrix. 7508 
.any key pressed. The 


keyB?^ 




iii»JMfc3j»GAPNI0 


(F - 6) T emp era tur e 


suit 


45 C in DRAM ambience. From 
a DRAM self-refresh mode which*optii|§§§|i 
The circuit.operates at an interval 


the POWER switch is OFF 


(F-5) Low Battery Voltage Detection circuit 


This circuit detects a low voltage condition of the maih 


battery through comparison with a reference voltage (Vj^j,) of 
1.6 V. 

When the low voltage condition is detected'^ 7508 outputs 
a Power Failure signal to the main CPU. 

The low voltage varies depending on battery as follow: 






















* Manganese battery: Approx. 4.0 V 


* Nl-Cd battery: 


Approx. 4.8 V 


Like the ,Temperature Sensing circuit, this circuit operates 
at a 10-second interval fot minimum power consumption while 
the POWER switch is OFF. 7508 controls power supply to these 
li^puits. Both the circuits remain powered as long as the 
is ON 


DC-DC converter circuit which 


I^Hp^y from the main battery 


turns on and 


ifFM^alircuit which 


mmm 


the main battery alwi’^^. 


POWER switch does not dix 

V 

current. 

(G-5PBattery Charging circuit 
wxiUnt/ . • 


The ^msim^^ttery is a re-chargeable Nl-Cd 


charged when: 


* The* AC adaptor is connected 



* The PINE board is powered from the AC adaptor - 
the sub-battery is charged from either teh AC adapto 
or DC-DC converter output. 

* The PINE board is powered from the main battery - 
the sub-battery is charged from the DC-OC converter 














When'^NI-Cd main battery unit is used, it can be chrged 
from the AC adaptor by connecting the battery connector to 


receptacle'CN12. 

Aa:tiUaty 

(G-7) •v^Battery Connecting circuit 1 


The PINE board is normally powered by the main battery. 


^t|i,e main battery voltage goes below a certain limit 


^^^^^^^^^circuit connec 


tKe flaxiHa>y-battery to\ 


lect T the main battery Trit i >i fh o "TOtr 
main CPU to accomplish power failure 

• • t V."A t * Vt* • t 1 •♦♦*AVA\*A •-1 *‘aA i a t a •.VA\*At*At • * t • • t - VV. eVA • VA it • • tAt » 



(G-6) VB2 Switching circuit 

This circui’t controls connect'ion 
(main or sub-battery) to the back-up power 
lows: 

* Connects the back-up battery to VB2 when the 
switch is OFF. 


PCWtN. ■ 



• Disconnect the back-up battery from VB2 when the POWER 
switch is ON because the +5V power is connected to the 
line. ^ 

The circuit is V^ny ?? mpl j ?°t i Pflf 1n to suppress abrupt 


voltage change at VB2 line•switching 







(H-4) AC adaptor 




•When plugged in CN4» the AC adaptor is connected in <par- 
allel with the main battery. 

The adaptor output is stabilized through a noise filter 
and constant voltage regulator circuit. 

Because the constant voltage regulator output is selected 
than the main battery voltage so that the 
^^^^^^^^^^^^lljented from discharging when the AC adaptor is 

•Cd battery as well as supplies 
^^^^l^tery is charged directly 

not meet 
felf used. The 



(H-5) Ni-Cd 

This is 

(size; AA, lEC: R6) connected in paraiO^^^ 
nector- attached.: This connector 
which allows charge to the battery. 

Because of its lower internal Impedance, the Ni-Cd 
unit is ideal when using the cartridge printer or micro cassette^ 
drive. The cartridge printer is especially designed for use 
with the Ni-Cd battery unit. The battery unit can support 
the standard PINE circuit for four hours after charged for 


’**A*.\V*\VAVAV.*AV'*\v.^;»V<*;V'Vi‘AVaV»v 


eight hours. 













^^g^rrent 


the following lives for*tme st,& 


* Manganese battery: 








* Alkali manganese battery: 11.5 hour! 
(H-6) ^S^-Battery (Back-up Battery) 


This battery is incorporated in the computer for the 
pose of memory back-up.<'It provides a capacity which can 
back up memory for about one week. When manganese batteries 
are used as main battery, the back-up current is supplied from 
them. V/hen the Mi^'Cd battery unit is used whose output voltage 
is lower, the back-up current is supplied from the Ttm battery. 
























(E-7) J1: Normally open, jump 

'fc., 

(A-2) J2 - A: Jumpered (BUAK), B: 0peS 

(A-2) J3 - A: Jumpered (BURQ), B: Open 

(B-2) .J4 - A: Open, B: Jumpered (3.2KROH) 

(B-2) J5 - A: Open, B; Jumpered (32KR0M) 

(D-2) J6! Normally jumpered, open for using CPU other than 
70008C. 

2.2.11 Variable Resistors 
(H-2) VRI: Adjusts LCD contrast. 

(F-7) VR2; Selects the 7508 oscillator frequency. 





















Reset the POWER switch OFF, jumper J 1 , and push the Initial 
Reset switch. Then, adjust the signal cycle to 50 ms with this 




variable resistor - observe the signal at check terminal P 30 . 


• • •• • • »• • * • • t• * 

.. VR3: Adjusts the low battery voltage reference voltage. 


the voltage at check terminal VRF to 1.6 V with this 



The main GPU isi 
interrupt and reset signals to 


other. 






*• • **••!** •*.** #-* • « *.i♦ ^ • t***.* »* V» »*.* * tie••****.♦***/■ 


(2) Part of the PINE board circuit continues oper^^W^ 8 iio^S?sss? 5 %sv 

••-.v ;• 

PX-4 is off. The rest operates only while PX-4 is 




7508 is always powered which controls power supply to the 
main CPU by sensing the change of the POWER switch setting. 


(3) To continue the previous processing by turning PX-4 on after 
an interruption (in a Continue mode), memory data and various 




control circuit status need to be maintained as they are while 
power is off. 

The PINE board implement this Continue mode by backing up 


‘>r- 

























DRAM, two gate arrays, and 7508 from battery. 


(4) 7508 maintains the calendar clock and controls the power 


• * • • • ♦ • t*• • t ♦ * tee* t• • V»• • • t#• t • 



supply. The POWER switch does not directly shut off or 
supply the current but it only supplies a low/high level 
i^fignal to 7508 which controls turning power on/off. 




clock and power controlling backed up by 


PINE board are combined to provide useful 

and Auto Power Off, 
ins are implemented on the PINE 
^^^mption: 



i|^tand-by mode until 
j^fl'terrupt. 


ature. 

Programs can be executed 
power consumption can be reduced. 




‘ .M.___ 

The Auto Power Off feature automatically 




in five minutes if the POWER switch is left ON 




^ Option cartridges are operated only when required. 


' ** 


* The LCD unit minimizes current requirement for display, 
v^rechargeable ) 

(6) The'sub-battery is used in addition to the main battery 



in order to allow main .battery replacement without destroying 
memory "data. The sub-battery is mainly used for memory back-up 
(7) Either manganese batteries or a Ni-Cd battery unit can be 
















used as main battery. 

By combining main battery and AC adaptor, PX-4 can operate 

uninterruptedly. 

\ 

I 

(8) Main memory consisting of RAM and ROM elements'which are 
arranged in different backs are linked to common address lines 
ind is addressed by selecting either bank. 

DRAM elements and refreshed at an Interval. 

are written in a apeoific DRAM area as a bit 
^^^^^^l^the LCD unit under the control of' gate 

electrodes are arranged in a 240 x 


at a duty cycle of 1/64. 
I^^^either the standard or 


mmm 


and RAM, slave CPU (7508), 
in fig. 2-27. • 


» The main CPU output signals are sent to 
GAPMDL via GAPMIT. 




* The signal to RAM is sent via two arrays GAPNIT and 

* The signals from the switches and keyboard are sent to the 
main CPU via 7508. 

* The I/O devices are controlled by GAPNIO. 

* The external RAM disk is directly controlled by the main CPU. 


2.3.3 Basic Operations 

The basic PINE board operations are explained below 


/ 

liirs/ 












the order numbered on the figure, 

(l) PX-4 is turned on by 7508, 

When the POWER switch, is set ON, 7508 turhs the main CPU 
on. While the POWER switch is.OFF, 7508 internal RAM functions 
as the calendar clock. If an alarm time is set, FX-4 is 
i,utomatically turned on when the alarm occurs. 

power is off, 7508 keeps activating -the Reset signal 
iilg^jegiQFU. when turned on, 7508 removes this reset 


Reset switch while power is on causes the 




^^he main CPU reads and 
^^^^^ning. After this, PX-4 


immm 




p 1 * r • Mm'' s f p f ^ 


the main CPU to select the. pro Pill 


The main CPU may be started when 
* The POWER switch is set ON 


* The time alarm is activated 




* The- Initial Reset switch is pushed, or 

* The Reset switch is pushed 

(6) The main CPU accesses RAM whenever requested. A part of 
RAM is reserved for display whose contents-are incessantly 
read by gate array GAPNDL. 

(7) When a display enabling command is sent from the main CPU 
















to GAPNDL, the DRAM contents are displayed on the LCD panel. 

(8) The keyboard is controlled by 7508 which reads the type of 
the keyboard unit and converts key codes according to the type. 


Each key stroke is detected by 7508 which outputs an interrupt 


signal to the main CPU. In turn, the main CPU returns a command 


^*.i**.«*. 


^p^^g508 as an acknowledgement. Receiving the command, 7508 


code to the main CPU. 


s an interface between the main CPU and 



When outputting data to an 
to know to which connector to 


sets a connector to the keyboard DIP 


the main CPU to determine the proper output coni$§^^^^^. 


•un t 


(11) When the POWER switch is -reset OFF, 7508 interrupts’ 

CPU, The interrupted main CPU sends a command to 7508 to real^^^^ 
the status from 7508 which tells that the main CPU was interrupt 

I 

for power off. Then, the main CPU performs a power off procedure 


The main CPU is interrupted for power off when: 
* The POWER switch is reset OFF. 


* A power failure is detected. 














(12) PX-4„ is turned off by 7508. After completing a procedure' 
required before turning PX-4» the main CPU sends a power off 
command to 7508 which, receiving this command, turn PX-4 off. 

This is, a normal procedure. The main CPU, however, can turn 
PX-4 off at any time. 
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Power-off signal 


Interrupt signal (key entryf^J 


^ Reset signal ^ I/O register access 

j 3)- ROM read 

^^^ate array initialization^ Interrupt signal (power off) 


Command/status code. 

DRAM access 
^ Display enabling 


Power-off command 


. s ioa-< 2) 






















































2.4 Circuit Operation Synopses 
2.4.1 Power Off 

(1) The back-up (main or sub-) battery supplies power to the 
following circuits through the VB2 switching circuit (Q16); 

* DRAM 

* GAPNDL 

* GAPNIT 

y508 

clock oscillator circuit (3D) 
control circuit (23) 

«WP^^v...Reset and OFF signals are applied to 

the data stored in their registers 
•• •■■•■'. • I " 

are also maintained 


i-3) DRAM 


(4) 7508 keeps 

... 

interval and s elec tin 


DRAM power' consumption. 

(5) 7508 keeps counting the calendar'^'i^^^^^^^^^^^^^^^^^ 

(6) 7508 maintains the set alarm time. 
occurs, turns PX-4 -on and tarts up the main 
7508 actions are starded at a lO-second interval from 
Stand-by mode in order to minimize battery power consumption.- 
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(7) When thtt POWER switch is set ON, 7508 detects this status . 
change and turn the main CPU on, 

(8) The above actions continue until memory contents are 
destroyed due to back-up battery exhaustion and the circuits 
cannot be normally operate. 

Contents of DRAM are destroyed when VB2 drops to 4.2 V or 
below: 

C j4ini'mtini.T 

•^guaranteed VB2 voltage: 4.5 V 
VB2 wltage: 4.2 V 


contents while backed up is indicated 

.. ^ 


appearing on the CRT screen 
»^®^^^fc^ates that the previous data 


is used in 

. . ... 
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2.4.2 Power Off to Power 0i» 

(l) When the POWER switch is set ON, 7508 enables the DC-DC conv¬ 
erter to supply power to the main CPU, However, power is not 
turned on if 7508 detects a power failure at this time because 
of main battery voltage drop. When this occurs, reset the 
RilQWER switch OFF and replace the main battery or use the AC 


teh main CPU through thefollowing control 




|his starts system clock oscillatio 

causes the gate arrays to 
memory J 

^^§^§^^V6acked-up state: the 

switching 




UM2 line 




refresh mode changes from 
GAPNDL. 


(3) After the Reset signal is removed, the main 

operating system program which accomplishes the folldfl||§; 

* Reads the status from 7508 - the main CPU knows from this 
status data that the POWER switch is set ON and performs 
necessary procedure: the main CPU examines here what started 
it. The main CPU may be started when: 

* The Reset switch is pushed, 

* The Initial Reset switch is pushed, 

* PX-4 is turned on by the time alarm feature, or 


























The POWER switch, is set ON. 

* Initializes the gate arrays. 

Examine''the memory check sum to see if memory contents are 
destroyed. If the check sum is incorrect, the system init¬ 
ialization image appears on screen, indicating that memory 
;^|||Knts may be destroyed due to battery voltage drop, etc. 
^^^^^^I^l^capacity of the ROM capsule-(32K, 16K, or 8K 


‘installed 




:,the internal RAM disk. 
H^^iiirnal RAM disk (128K or 64K 






y (64K, 


16K, or 8K bytes); . ' 

..." * If a microcassette drive is connectedPl^i^^^Hi^iii^ 

previous operation has been interrupted by 
Interrupted, continue the operation. That is, the 
/.... cassette drive can also operate in the Continue mode 

. (4) Depending on how PX-4 was turned off, the initial menu or 

BASIC initialization image appears on the screen. 

. If it was turned off in the Continue mode, the main CPU 

resumes the previous program. 
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2.4.3 While PX-4 Is On 


(1) When power is on, the PX-4 circuits are powered by- the DC-DC 


-M- 





















converter and the 8:tt«r- battery is charged. 

The DC-DC converter ensures a stable +5 V supply if the 
battery voltage fjuctuates. The converter is powered by the 
main battery or AC adaptor. When both are connected, the AC 
ll^daptor is: given priority. 


battery voltage drops and 7508 detects power failure 
turns PX-4 off. Even, after power fails, however, 
output voltage is^ still stabilized. Thus, 


whenever the main CPU is operating. 




J^eeps controlling the keyboard; 

After PX-4 is turned on, 
iHM]^v....not provide the 




sensing circuits remain pow 
(4) When power is on, the calendar 
onds. 

When the time alarm occurs, 7508 interrupts 
The interrupted main CPU issues a command to 7508 to 
7508 status. After knowing that the tiem alarm occurred, thl 
main CPU takes• the following actions: 

.* Interrupt the program currently being executed. 

* Generates an alarm sound and displays an alarm image. 

* Returns^he previous (interrupted) program if the ESC'key i: 











* If no key is pressed, returns the previous program 50 seconds 
after the alarm occurs. 

(5) The main CPU operates in.th<s Stand-by mode. This feature is 
l^!v..specific to the CMOS version of Z-80. It is not available with 
^^^^^|al version. 

CPU enters the Stand-by mode whenever it waits for 




^ lA to minimize battery consumption. Once an 


ft,entry, etc, occurs, the main CPU is 

actions and then raturns to the 
r^^^^^^ed for five minutes or more. 



®^Hfef.et with a BASIC 


tn n kev code 

but an internal code specific 

Whenever a key is pressed, 7508 
The main CPU then issues a command to 7508' 




which tells the currently pressed key. 

l O^tlly ) 

A status code is stored in 750SVwhW an interrupt 




or after the Reset signal is deactivated, and a BFH code 
is normally stored. Pressing a key causes the current status 
code to be replaced with the key code. 

(7) Once the Reset signal is i*emoved, GAPNDL is released from the 
tie with the main CPU and starts the ' DRAM -and LCD control. 


RAM has a capacity of 64K bytes and each of the eight DRAM 
































IC elements corresponds to a bit of onebyte. 




GAFNDL generates a RAM address and a timing signal In res¬ 
ponse to a memory access request from the main CPU. 

In PX-4» a 2K byte RAM area is reserved for display. GAPNDL 
keeps reading this area to output the data to the LCD unit. 



which are controlled by 

The timer circuit is used 
scale and interval» and a cursor 

The RS-232C and SIO Interfaces operate based on 


rate generator output signal. 





(11) This computer uses the CP/M operating system. The operating 
system only affects how to use the computer (i.e., programming) 
no special hardware structure is employed. Only the 


and 


contents of ROM are associated with GP/M. 


2.4*4 Power On to Off 

















(1) When the POWER switch is set ON, 7508 detects that switch 


setting change and interrupts the main FCU. 

(2) The interrupted main CPU- reads th status from 7508 and examines 
what interrupted it. 

Knowing that it was interrupted by .the POV/ER switch set OH, 
^^^^^...main PCU proceeds with thecurrent processing to an approp- 

and then starts a power-off procedure. 

: 

the-course of output operation when 
* ( writes? 

main CPUYairthe data in the floppy 


the main CPU saves 
interrupted 



* When power waSS 
saves data in 



operation when PX-4 is turiffH^^^ 

• % 

(3) Then, the main CPU sends a 

(4) Receiving this command, 7508 turns PX 
sequence control: 

* Issues the Reset signal to the main CPU - this 
and freezes the main CPU and the gate arrays, and RAM star^f^s^^^^ 
self-refreshing. 

* Issues an 'OFF signal - this signal causes the gate arrays 
to be backed up by memory leaving the normal powered state. 

The signal also connects ihe sub-battery to the VB2 line 
(via Q16). 



// /I 














Stops"the DC-DC converter and then turn power off. 
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2.4,5 When Power Fails 


(1) When the battery voltage drops to a certain limit or below. 




7508 detects it as a power failure and Interrupts the main 




-battery to the main battery (via Q12), 



50 seconds, 7508 forcibly turns PX-4 off 


2 to 3 seconds are required to. handle the power faililf^^l 


interrupt at the most. Thus, the main CPU can normally turn 
power off within 33 seconds after power failed, 

(5) Once a power failure is detected by 7508, PX-4 cannot be 

turned on unless the AC adaptor is used or the battery is rep- . 
laced. When "CHARGE BATTERY" is displayed, charge the battery(s) 
or replace it with a new one(s} as soon as possible. If PX-4 is 






A I 

























left as it is, however, memory contemts are not immediately 
lost. 


2.4,6 When The Initial Reset Switch Is Pushed 
j(1) If the Initial Reset switch is pushed when the POWER switch 
7508 is initialized. All data including the calendar 
iSSliiB|j:div..time alarm values are lost because 7508 int.ernal RAM. 


*xv*.v* • • • • V 

mm 


is set OR, the main CPU reads the status 
^M®^.v.]nain CPU that the Initial Reset 

it initializes the system 


following: 


* Reformat 


* Reads the keyboard 


* Clears its RAM, 




(3) The system intialization image 

The main CPU waits for an entry of 
WEEK . When the data are keyed in, the- main 
in 7508 RAM. 

After this, the main CPU reads the time from 7508 


2.4,7 When The Reset Switch Is Pushed 

(1) If the Reset switch is pushed when power is on, 7508 detects 
it and Issues the Reset 'signal to the main CPU. 

(2) After the Reset signal is deactivated, the main CPU reads the 
status from 7508 which tells to the main CPU that the Reset switch 















was pushed. The main CPU performs the’ following system reset' 
procedure via the operating system: 

* Takes the actions listed in 2.4*2, (3), then 

* Rests 7508 via a command - 7508 RAM is not cleared, 

* Clears a particular main RAM ar-ea, and 

* Reads the keyboard DIF switch setting. 

?^,]Jienever the keyboard DIP switch setting is changed, the 


condition before the Reset switch is pushed, 
image or the BASIC initialization image 
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CHAPTER 3 OPTION DEVICES 


3.1 RAM Cartridge 

3.1.1 Introduction .... 

The RAM cartridge is an external storage device which can be 
read and written and connected to the PX-4 computer via the HC-40 
I'feries cartridge interface incorporated in tkv/Cffnrrrtf^er. 

cartridge contains two 64K bit static RAM IC elements 
providing a capacity of 16K bytes and can be 
write as a disk device (device name: I) 

V'* 


lithium battery, the cart- 

... • ..;x /•v- 

A::V /.AV.ViVAv/AAV.Vr.AVAV.V.^ , 

^rom the computer. 


mm 


The "! 


tion warning 

3.1.2 Basic Spec^ 


(1) RAM 




IP^j^-up battery exhaus- 
Insurance. 


(2) Back-up battery 

^ Element: Lithium battery - CR2032 (Sanyo) 

* Capacity: 120 mAH 

(3) Power requirements 

» Operating: 3 mA (typ, ) 

* Standj^S'^y* 3 uA (typ,) 

* Storage: Max. 1 uA (typ,) 
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3.1.3 Environeraental Requirements 
(1) Temperature 

* Operating: 5'- 35°C 

* Storage: -20 - 60°C (Up to 30®C for long term 

storage) 

• * Data storage: 0 - 40°C 

(relative) 

10 - 8056 ( -^- ^ 



in Qn^ f 

- oOS [ 

•. . . . 

and shock 


‘Tto condensation!) 

'^e condensation.) 

limits are the same as 


9mi ^ I r^***-V*A* 

THd ToUoftf^i^a 
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B. System configuration 
• RAM cartridge I/O address space 


Table 3.1 RAM cartridge I/O address space 


lown- aJcti-ess 


Upeh aJUh*f5 


Rea«^ elaifi U/hiie elaia 


10 pOht(#} 


|||§|L^,^ed cartridge can be known by reading 
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* RAM cartridge read/write procedure 



Fig. 3.3 RAM cartridge read/write procedure 
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C. Cirfuiie. Opdraitenj 

(1) Reset signals 

The following two reset signals are supplied to the RAM 
cartridge: 



Puticti^n 


Some a£ the K5ft yi^ncil iuppliVd to 
the PX-4 CkU. 



When e 

the RAM address 

* * A* 

RAM cartridge. 


fo Cfw/ 


A^ddresa 

2 C 


Address latch (/i^P C 


To 


a/k 1' *<t 
CiT «.r, ttr 


• 40Meo4 



Tb RAM 


Fig. 3.4 RAM cartridge reset circuit 
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I 

(2) ROM cartridge identification 

• The PX“4 computer reads the status from the I/O port 
13H which tells what option cartridge is connected to its 
cartridp interface. When the RAM cartridge is connected, the 

t •> 

statuses 20H. 

0 « 

fig, 3,5 shows, the RAM cartridge identification (ID) check 
||fiii-lt, ^^nne_y 

^!,^^^^^^^jgartridge address data bus CDB5 is connected with • 

+ Is) line through the resistor R3 
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(3) RAM.addressing circuit 


The RAM cartridge is addressed for read/write by writing 
an address to the I/O ports /OH (lower address byte) and 

11H (upper address byte). 

Table 3.3 I/O port address 10H*(Write access) 

V**V**. 

•• •V“*A**v*V**V«**V"** 
V’AAV*A* .•V***v«*AAAA*' 

1 

■sn 

BiMBM 

sloT^ 



)^AA9 

RAM address bit 7 


6 

h 



r 


•Vv«AvA.v*,vA*.»\.A.V«’Vv»Vt... 

"9 

i* • VAVA• •\v4fA*‘V/A 


3 


@ • • *5* 

j> 

ai»J 

■• •• • . 

&^®^i®S®®®®®feAA.. , 

‘AAV 





‘vW. 

’••.‘••.V»ti***.**V«**.**V»*'.*A‘***. '** 

Table 3.4 I/O 

...; /XAV;\‘v.AVv^ *.. 





ran 

Signal name 


HBIlii 

I^ACSl 

^ ■ ''’'*i/iViv*vC\VvAl*c\VA'AV>yv*A*iV;Vv-^^^^ 

RAP1 chip* 
access ij* eh*MtA 
and MC51aO 

•Vv*’i^'Aa\V^A,\A^V‘*Vc’A‘;Vv.Vaa\V'Vv.‘A' 

Vv^^Vv-VvVaVa^^^ 

4 


r 

eAA-i^ 

—--: 

RAM address bit 15“®^ 

4 

It. 


2. 

w 

1 1 

'•••yiy^.V:*.^.*V^^ 

*'V«;.V^A^V'^ 

i 

lt> 

10 


1 


<1 


0 

9' 

& 


utle 


EPSON 

EPSON CORPORATION 



SHEET 

REVISION 

NO. 

r 



NEXT 

SHEET 
































The RAM write signal CWR is applied to the clock terminal. 
CK (pirf 11) of the address latches (1C and ID)' by addressing 
the I/O ports as summarized in the following table. This 
low-active signal enables the upper and lower address bytes 
to be latched* 
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(4) CE1 signal 

The low-active RAM Chip Enable (GE) signal is applied to 
^ L ( pin 21) ) 

the CB1 terminaP^f the two RAM ICs as shown in the circuit 
diagram below. One RAM IC element is enabled at a time by the 
output from 6 q (A13) of the address latch. 

Table 3.6 RAM chip selection 


Ai3 RON clUhss 






SelectcAip 







Fig. 3.7 RAM chip enable (selection) circuit 
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Chapter 1 SCOPE 

These specifications apply to the PINE microcassecte tape 
operating system. 
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Chapter 2 OUTLINE 


This chapter describes the features of microcassette tape 
operating system (MTOS) and explains the system in outline. 


2•1 Features 

1) Tape based file management system 

MTOS manages data on microcassette tapes as files, allowing 
the user to easily access data in file units. This makes it 
possible to use microcassette files for many applications. 
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2) Use 

MTOS is a standalone operating system, but it can be built into 
another operating systems through the addition of a software 
interface. The functions of MTOS are generally utilized via 
the CP/M file management functions. However, they can also b^ 
utilized by application programs or other operating systems. 

MTOS can also easily be built into machines other than PINE, 
provided they have the required hardware function. 

These specifications are designed with consideration for 
building MTOS into the CP/M operating system. 


^ 

TITLE 

SHEET 

REVISION 

1 EPSOt^ 


PINE MTOS Specifications 





2.2 Outline 




1) Environment 

In order to add the tape file management functions of MTOS 
to a computer system, it must have software modules for 
interfacing between (1) the main system and MTOS and (2) 
between the MCT firmware and MTOS. A typical system 
configuration is shown below. 








2) Operation 


MTOS first reads the directory v/hich is at the beginning of the 
tape to obtain the file location, then locates the object file 
on the tape. Files are divided into blocks, and are accessed 
in block units; blocks are sequentially numbered. 

Each file has a file name; however files are internally 
distinguished by file numbers*. 

File number is set to OOOOH at Make Directory and incremented 
by 1 up to FFFEH every time the file is created, allowing it 
possible to differentiate from other files. 
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Chapter 3 FILE MANAGEMENT 

This chapter describes the configuration of files on tape and 
procedures for accessing the directory file. 


3.1 File Configuration 

Under MTOS, a microcassette tape may contain up to 12 files 
(however, the maximum number of files can be changed at the 
assembler level). Each file consists of a header block, 
data blocks and an EOF block. The header block contains ‘ 
information on the file configuration. Data blocks contain 
data, and the EOF block indicates the end of file. 

Each block has an identification field which indicates its 
block number. 


I Header block I I Data block 1 I 
Block 0 Block 1 


I Data block n I I EOF block I 
Block n Block n+L 


[TITLE 


EPSOM^ 
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2) Header block configuration 


1 Column 
! From to 

! 

size Item 

! 

Explanation 

HI 

3 

4 

ID field 

HDRl identifying the header field(ASCII)i 

mS 

11 

8 

File name 

File name 

. 12 

19 

8 

File type 

File type 

20 

1 


1 

Record 

type 

F: Fixed length record 

V: Variable length record 
n: Fixed length record which has been 
written n times. (ASCII) 

i 21 

1 

1 

Block 

mode 

Blank: Indicates the space provided ‘ 

following a block to allow the 
cape to stop before the next 
block is reached. 

S: Short gap. The length of this space 
is not sufficient to allow the tape 
to stop before the next block is 
reached. 

22 

26 

■5 

Block 

length 

Indicates the length of one block in 
ASCII code (00000 to 6553S). i 


28 

2 

Counter 

value 

Indicates the tape count at which \ 

a write to the file is started. | 

^ 29 

1 

1 Empty 1 

30 

2 

File 

attribute. 

File attribute | 

1 

31 

i 1 i 


Empty 

1 32 

1 

37 

! ® ^ 
i 1 

Date of 
file 

creation 

2 bytes each of ASCII code for the 
year, month and date 

38 

i 

1 

43 

6 

Time of 
file 

creation 

2 bytes each of ASCII code for the ! 

hour, date and second 

i 44 

49 

' 6 i 

Empty 

SO 

51 

2 1 

Volume No. 

Tape volume number, starting with 01 

52 

59 

8 

System 

name 

Name of the system used to create 

the file ! 


60 

61 

2 

System 
file name 

File number cataloged in the file i 

directory 0001 to FFFE 

62 

67 

8 

Password 

System password | 

68 

255 


Empty 

1 


* ’’System name” is the OS name which this MTOS is built in. 
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3) EOF block 

















4) Data block length 

The length of each block is 256 bytes. 





3.2 Directory 


MTOS writes the tape directory at the beginning of each tape 
to manage tape ID and file access. 

The tape directory can be mounted from the tape into RAM by 
the Mount function. The directory in RAM is referred to as 
RAM directory. 

The RAM directory is updated each time the tape is accessed. 
The contents of the RAM file are written to the tape by the 
Remove function. 
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1) Directory configuration 

a) First block (directory ID) 
Tape and directory ID 


Column 

Size 

Item 

Explanation 

0 to 7 

8 


Tape name 

8 to 9 

2 

Volume No. 

Tape volume number 

10 to 17 

8 j 

Password 

System password 

18 to 23 

6 

Date of 
creation 

Date of directory creation is ‘ 
entered in the order of month, 
day and year. (ASCII) 


24 to 29 


30 to 35 


36 to 41 


42 to 43 


44 to 45 


46 to 47 


Time of 
creation 


Date of 
last remove 


Time of 
last remove 


Niomber of 

times 

mounted 


Total No. 
of blocks 


Total No. 
of records 


Total No. 
of files 


Date when the last remove is 
made. (ASCII) 


Time when the last remove is 
made. (ASCII) 


Number of times the tape has 
been mounted. 


Total number of blocks in the 
tape 


Total nuznber.of records in the 
tape 


Total number of files in the 
tape 


49 

H 

System flag 

1 

Tape ID flag 

so 

H 

System flag 

2 

TOS controller 

51 to 52 


Last file 

No. 

Last file number of the tape 
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b) Second and third blocks (directory) 

These blocks contain file location and other file information. 

32 bytes are used for each file, and 1 block is used for 8 files. 


Location 


0 to 1 


5 

to 

6 

7 

to 

a 

T" 

to 

10 

’ll 

to 

12 

Ti 

to 

14 

15 

16 

to 

23 

24 

to 

31 


Item 


File No. 


File present 
flag 


File 

attribute 1 


File 

attribute 2 


No. of 
blocks 


No. of 
records 


Starting 

count 


Ending count 


No. of times 
opened 


User No. 


File name 


File type 


Explanation 


Number used for managing files 
on the tape 


Indicates that the file is 
present in the tape. 


File attribute 1 


File attribute 2 


Number of blocks in the file 
(High-Low) 


Number of records in the file 
(High-Low) 


Starting counter value of the 
file (High-Low) 


Ending counter value of the 
file (High-Low) 


Number of times the file 
has been opened (High-Low) 


User number 


File name 


File type 
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2) RAM directory configuration 

The file directory is loaded into RAM by the Mount function to 
enable file access. 

The file directory in RAM is referred to as the RAM directory. 
The configuration of the RAM directory is shown below. 


Location Size 


0 to 1 


11‘to 12 I 2 


13 

to 

14 

15 

16 

to 

23 


Item 

Explanation 

File No. 

Number used for managing files 
on the tape 

File present 
flag 

Indicates that the file is 
present in the tape. 


File attribute 1 


File 

attribute 2 

File attribute 2 

No. of blocks 

Number of blocks in the file • 
(High-Low) 

No. of 
records 

Number of records in the file 
(High-Low) 

Starting 

count 

Starting counter value of the 
file (High-Low) 

Ending count 

Ending counter value of the 
file (High-Low) 

No. of times 
opened 

Nxmber of tijnes the file 
has been opened. (High-Low) 

User No. 

User n\imber 

File name 

File name 

File type 

File type 
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3) Explanation of individual fields 
a) Directory ID 

(1) Tape name and volume number 

These fields contain the tape name and volume number specified 
when the directory was created. These fields are not used by 
MTOS. 

Tape name is specified as "EPSONi^SD" in the system display 
when the directory is initialized. 

(2) Password 

The password specified is written into this area when the 
directory is created. These fields are not used by MTOS. 

(3) Date and time, fields 

These field contain the date and time of directory creation and 
the last Remove operation. 

(4) Number of times of Mount operation 

This field initially contains zero; its contents are incremented 
by 1 each time the directory is mounted. 

(5) Number of blocks 

This field contains the number of blocks (excluding directory 
file blocks) on the tape. 

(6) Number of records 

This field contains the number of records (excluding directory 
file records) on the tape. 

(7) Number of files 

This field contains the number of files on the tape. 

(8) System flags 1 and 2 

These flags are used by the system. 

(9) Last file number 


This field contains the last file number. 
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(4) File attribute 2 


Not used. 

(5) Number of blocks 

This field contains the number of blocks in the file (0000 for 
the header block). 

(6) Number of records 

This field contains the number of records in the file (0000 for 
the first 128 bytes of the first block)• Records are not 
present in header and EOF. 

(7) Number of times opened 

This field indicates how many times the file has been opened. 

(8) File starting count 

This field contains the tape counter value when processing to 
write the file header begins at the time of file creation. 

(9) File ending count 

This field contains the tape counter value after the EOF block 
has been written at the time of file creation. 

(10) User number 

The CF/M user number specified when the file was created. 

(11) File name/ File type 

This field contains the file name and the file type after the 
file was created or RENAMEd. 

The upper 3 bytes are used as file type. 
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3.3 TFCB 

A packet called the TFCB (tape file control block) is used for 
communication with MTOS. This TFCB corresponds to the FCB of 
CP/M. The TFCB configuration is shown below. 


00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

OA 

OB 

OC 

00 

OE 

OF 

00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

10 

11 

12 

13 

14 

15 

dr 

fl 

£2 

f3 

f4 

f5 

f6 

f7 

f8 

tl 

t2 

t3 

cx 

_l 

WA 

rc 


File name 


Disk drive code 


File type Number of records 

^ upper included in this 

3 bytes logical extent 

! I (0 - 128) 

I Bit 7«1 Logical extent No. lO - 31) 
SYS file User must initially set 

Bit 7-1 
R/0 £ile 


10 11 12 13 14 IS 16 17 18 19 U IB 1C ID IE IF 


16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

t4 

t5 

t6 

t7 

t8 

TAl 

TA2 

TBR 

TBL 

TRH 

TRL 

TCH 

iTCL 

BCH 

BCL 

Ncr 


File type. Tape 
lower 5 bytes attribute 


Starting 
count - 


' I 


. I 
Unused 


Total 
number 
of block 


Ending 

count 


Total number 
of record 


20 

21 

22 

23 

32 

33 

34 

35 

cr 

rO 

rl 

r2 


Random record 
overflow 


Random 
record No. 
0 to 6S535 


Record No. 





3.4 File Access/Record Access 

1) File access 

MTOS has the basic rules for file access. 

1. More than 2 files cannot be OPENed at the same time. 

2. if the file was OPENed to write, other files cannot be 
opened until it is CLOSEd. 

3. If the file was OPENed to read, other files can be also 
opened. However, the current file will be closed. 

2) Record access 

MTOS maJce an access to MCT in 256-byte (1 block) unit, while 

it makes am access in 128-byte (1 record) unit as an OS interface. 

It performs blocking/deblocking to compose the block or the 

record * 

Also because of the sequential access the following must be 

considered. 

At Write 

1. Once one record is written and the block containing that 
record is not full, the record in the next block cannot be 
written. 

2. Write cannot be performed except the record in the current 
block or the next block. 

At Read 

1. Record other than those in the current block or the next 
block cannot be accessed. 

Read at Write 

1. It is possible to read the record in the current block. 






Chapter 4 MTOS FUNCTIONS 


This chapter explains functions used for file management. 
The functions which are supported by MTOS are listed below. 

(Directory related functions) 

MMKDIR 

MTAPID 

(Tape opening/closing functions) 

MMOUNT 

MRMOVE 

(File access and directory search functions) 

MOPEN 

MCLOSE 

MSRDIR 

MSRNXT 

MDLFIL 

MSREAO 

MSWRTE 

MMKFIL 

MRENAM 

MGTLVA 

MSTFAT 

MRREAO 

MRWRTE 

MCPLEN 

MVERFY 
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^ 4.1 Explanation of Functions 

This section describes the name, parameters, and purpose of 
each function. 

As for the return code, see 6.3 Return Codes. 



L) MMKDIR (Creating directory file) 


a) Entry parameters 


Register DE = TFCB address 


Contents of TFCB 
Column Size 
0 to 7 8 

8 to 9 2 


Contents 
Tape name 
Volume No. 


(ASCII) 

(i^SCII) 


b) Purpose 

This function rewind the tape and creates the directory 
file at the beginning of the tape. The contents of the 
bytes of the directory file are the same as 
those of TFCB. 

The number of files of the directory is set to zero. 

The RAH directory is also created at the same time. 
Thereforer it is not necessary to mount the directory 
after this function has been completed unless a different 
tape is used. 

If the system password is specified, it is specified in 
the directory. 
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2) MTAPID (Reading tape ID) 


a) Entry parameters 
done 

b) Return code 

Register A^OOH Directory file has been mounted. 

aOOH - Directory file has not been mounted. 

The contents of columns 0 to 53 of the first block of 
' ^e directory file are loaded into the DMA buffer and 
control is returned to the caller only when register A 
contains other than OOR. 

c) Purpose 

This function returns the currently mounted tape ID 
information to the DMA buffer, do information is 
returned if no directory file is mounted. 
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3) MMOUNT (Opening tape) 


a) Entry parameters 
None 

b) Pxirpose 

This function reads the directory file from the tape and 
load it into the RAM directory. This function cannot be 
used if the directory has not been removed. (Set by flag) 

All other MTOS functions can be used after this function 
has been completed. 

This function also turns on the microcassette LED. 
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4) MPMOVE (Closing tape) 


a) Entry parameters 
None 

b) Purpose 

This function writes the contents of the RAM directory to 
the tape directory file. After this function has been 
completed, directory functions other than MAKEDIR and 
MOUNT cannot be used. 

• If the RAM directory has not been updated, it is not 
actually written to the tape directory file. 

(The RAM directory file contents are changed when a file 
is written, deleted or renamed.) 

This function also turns off the microcassette LEO. 
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5) MOPEN (Opening file) 


a) Entry parameters 
Register DE » TFCB address 

TFCB = Name of file to be opened and file type 

b) Purpose 

This function searches the RAM directory for the file 
specified in the TFCB and, if it is found, reads its 
header block and sets relevant information in the TFCB. 
(Columns tl, t2 and t3 are significant for the file type.) 

If the header block cannot be found, an open error results. 
An open error also results if the file is already open in 
the write mode. However, a file can be opened again even 
if it is already open in the read mode. Whether the 
non-stop or stop mode of access is used for reads is 
determined by the file attribute. 

Either write attribute or the specified attribute is set 
as a file attribute. 
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6) MCLOSE (Closing file) 

a) Entry parameters 
Register DE = TFCB address 

b) Purpose 

This function closes a file which is open; it need not be 
used with files which are opened for reads. After a file 
is written, this function writes the EOF block, updates 
the RAM directory and, if the verify flag is on, 
automatically verifies the write. If any error is detected 
during verification, a verify error results and the file 
is not cataloged in the directory. 








7) MSRDIR (Searching the directory for the first file) 

a) Entry parameters 

Register DE * TFCB starting address, file name and 
file type (3 bytes) 

b) Return code 

Register A = Directory code (OOH) or OFFH 
Register H = OOH 

DMA buffer » If the file is detected, file directory 

information is entered in the first 32 byt;es, 
and the remaining bytes are padded with 0E5H. 

c) Purpose 

This function searches the RAM directory for the file 
specified in the TFCB and loads its directory information 
into the DMA buffer, and returns. 

The file match symbol (3FH) may be used. 

The directory pointer is updated for the^ next search. 

If the specified file is not found, OFFH is returned to 
register A. 
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8) MSRNXT (Searching the directory for the next file) 

a) Entry parameters 
None 

b) Return code 

Register A « Directory code (OOH) or OFFH 
Register H » 03H 

DMA buffer » Directory information on the file specified 
in the TFCB 

c) Purpose 

This function searches the portion of the directory file 
following the directory pointer for the file specified in 
the TFCBr then loads the corresponding directory 
information into the beginning of the DMA. 

This function is the same as MSROIR except that it starts 
searching at the position indicated by the directory 
pointer. 





9) MDLFIL (Deleting files) 


a) Entry parameters 
Register DE = TFCB address 

b) Purpose 

This function deletes the specified file from the RAM 
directory. 

Directory code OOH is returned to register A when the 
specified file is deleted. If the specified file cannot 
be found, OPFH is returned to register A. 








11) MSWRTE (Writing sequential files) 


a) Entry parameters 
Register DE « TFCB address 

b) Purpose 

This function writes the records specified by the TFCB. 
Since the DMA buffer size is 128 bytes and the block size 
is 256 bytes, blocking is performed automatically. 

A block is actually written to the tape when the block is 
created and the record of the next block is tried to be 
written, or at CLOSE. 

Therefore, blocked records to be written can be read 
before the write is actually made. 

An error results if the file is not open. 
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12) MMKFIL 


a) Entry parameters 
Register DE = TFCB address 

b) Purpose 

This function writes the file header specified by the 
TFCB into a free area on the tape and opens that file. 
If the directory already includes the specified file 
name or is full, the file cannot be created. If any 
other file has been opened in the write mode, this 
function results in an open error. 

Whether the stop or non-stop mode of access is used for 
the write is determined by the TOS attribute area. 
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13) MRENAM 


a) Entry parameters 

Register DE » TFCB address 


b) Purpose 


This function chauiges the file name specified by columns 
fl through t3 of the TFCB to that specified by columns t4 
through SRNH. The upper 3 bytes of file type are 
significant. 
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14) MGTLVA (Returning logged-in vector address) 


a) Entry parameters 


b) Return information 

Register HL « Allocation vector address 


c) Purpose 

This function retxirns the MTOS allocation vector address. 

The hit(s) corresponding to the quotient of (total number, 
of record) t 1024 in MTOS allocation vector are padded 
with 1 from left* 


1 byte 8 KB 
8 bytes 64 KB 







15) MSTFAT (Setting file attribute) 

a) Entry parameters 
Register DE =* FCB address 

b) Return information 

Register A = Directory code (OOH, OlH, 02H, or 03H) 
a OFFH: File not found. 

c) Purpose 

This function sets the attributes of the file specified 
by the TFCB. The attributes are set by the MSBs of 
columns tl and t2. These settings are written both to 
the directory and file attribute of MTOS. 

File attributes 

tl bit 7-0: RAf file 
-1: R/0 file 

t2 bit 7*0: SYS file 
•1: DIR file 
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16) MRREAO (Random read) 


a) Entry parameters 
Register DE » TFCB address 

b) Purpose 

This function reads the record specified by PRIIH and PRNL 
of the file FCB. The contents of columns rO and rl are 
converted into an internal record number and a sequential 
read is performed. 
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17) MRWRTE 


a) Entry parameters 
Register DE = TFCB address 

b) Purpose 

This function writes data to the record specified by 
columns rO and rl of the file FCB. 

Operation is the same as for a sequential write. 







18) MCPLEN (Calculating file size) 


a) Entry parameters 
Register DE » FCB address 

b) Purpose 

This function sets the record size of the file specified 
by the FCB into rC, rl and r2, and returns. 
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19) MVERFY 


a) Entry parameters 
Register DE = TFCB address 

b) Purpose 

This function is used to verify the contents of the file 
specified by the FCB. 
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4.2 Auto-mount Function 


When an attempt is made to access a tape before it has been 
mounted, mounting is performed automatically, followed by the 
access operation. This function is referred to as the 
auto-mo\int function, and supporting functions are as follows. 

MTAPID 

MOPEN 

MSROIR 

MOLFIL 

MSREAO 

MSWRTE 

MMKPIL 

MRENAM 

MVERFY-* 
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Chapter 5 MICROCASSETTE INPUT/OUTPUT SYSTEM (MIOS) 


The interface between the MCT firmware and MTOS is provided by 
the microcassette input/output system (MIOS). MIOS provides 
18 functions which are required by MTOS, as well as two 
functions which are used for maintaining compatibility with 
CP/M« This functions are as listed below. 


MIOS Functions 


0 

MIROST 

— 

(read tape status) 

1 

MIRDCT 


(read tape count) 

2 

MISTCT 

• 

.(set tape count) 

3 

MISTOP 

— 

(stop motor) 

4 

MIPLAY 

— 

(rotate motor in play mode) 

5 

MIREC 


(rotate motor in record mode) 

6 

MIFF - 

— 

(rotate motor for fast feed) 

7 

MISREW 

— 

(rotate motor for slow rewind) 

8 

MIREW 

— 

(rotate motor for rewind) 

9 

MIFFTE 

— 

(fast feed to end of tape) 

10 

MIRWTT 

— 

(rewind to beginning of tape) 

11 

MIHOON 

— 

(load head). 

12 

MIHDOF 

— 

(unload head) 

13 

MISKTP 


(tape seek) 

14 

MISTMP 


(set tape move protect count) 

15 

MIRSMP 

“ 

(reset tape move protect count) 

16 

MIROBL 

— 

(read one block) 

17 

MIWTBL 

~ 

(write one block) 

18 

MIGTWP 

— 

(read write protect pin) 

19 

MILEDON 

“ 

(turn on LED) 

20 

MILEDOF 


(turn off LED) 

21 

MISOAT 

— 

(save data) 

22 

MILDAT 


(load data) 

23 

MIERS 

— 

(erase the specified area) 
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1) MIRDST 

Entry parameters: None. 

Return information: Register H - Microcassette status 

Purpose: Reads the status of the microcassette drive. The 
configuration of the microcassette status code is 
as follows. 

Bit 7 Head position (0: Unloaded 1: Loaded) 

Bit 6 Motor (0: Stopped 1: Moving) 

Bit 5 Winding (0: Non-winding 1: Winding) 

Bit 4 Fast feed (0: Non-fast feed 1: Fast feed) 

Bit 3 Play (0: Not playing 1: Playing) 

Bit 2 Record (0: Not recording 1: Recording) 
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2) MIRDCT 


Entry parameters: None. 

Return information: Register HL » Counter value 

Purpose: Reads the value of the microcassette counter. The 
microcassette counter is composed of 16 bits; the 
value in this counter is increased as the tape is 
moved in the forward direction, and vice versa. 
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3) MISTCT 


Entry parameters: Register D£ » Counter value 
Return information: None 

Purpose: Sets the value of the tape counter. 
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5) MIPLAY 


Entry parameters: None. 

Return information: None. 

Purpose: Turns the microcassette drive motor in the play mode 
(The read signal is produced if the head is loaded.) 
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6) MIREC 

Entry parameters: None. 

Return information: None. 

Purpose: Turns the microcassette drive motor in the record mode. 
(The tape is erased if the head is loaded.) 
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7) MIFF 

Entry parameters: None. 

Return information: None. 

Purpose: Turns the microcassette drive motor in the fast 
feed mode• 



PINE MTOS Specifications 


REVISION 


NEXT SHEET 

53 






8) MISREW 


Entry parameters: None. 

Return information: None. 

Purpose: Turns the microcassette drive motor in the slow rewind 
mode. (The tape is automatically unloaded.) 
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9) 
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10) MIFFTE 


Entry parameters: None. 

Return information: Register A » OOH or OFFH 

Purpose: Turns the microcassette drive motor in the fast 
direction until the end of the tape is reached•* 
When A»0FFH, the breJce flag has gone up to indicate 
that the motor has stopped turning. 







11) MIRWTT 

Entry parameters: None. 

Return information: See 6.3 Return Codes. 

Purpose: Turns the microcassette drive motor in the rewind 

direction until the beginning of the tape is reached. 
When A»0PPH, the brake flag has gone up to indicate 
that the motor has stopped turning. 





12) MIHDON 


Entry parameters: None. 

Return information: See 6.3 Return Codes. 

Purpose: Loads the head of the microcassette drive (lowers it 
to the tape). 
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13) MIHDOP 


Entry parameters; None. 

Return information: See 6.3 Return Codes. 

Rurpose: Unloads the head (moves it away from the tape) 
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14) MISKTP 


Entry parameters: Register DE » Object count value 

Return information: See 6.3 Return Codes. * 

Purpose: Unloads the head and winds the tape until the value 
of the counter reaches the value set in register OE. 
When register AsQFFH, the tape has been braked to a 
stop. 

Note: When the current tape count is CO and the 

object count is CT such that CO is less than 
CT, and tape is wound in the forward direction 
until CT is reached. 

When CT is less than Cp, the tape is wound 
in the reverse direction until CT is reached. 
If CO and CT are equal, the tape is not wound. 

The figure below shows relates the actual tape image 
to the counter values. 

-32768 -101 ‘ 32768 

1-i_i_i-1 

8000 PFFP 0001 7FPF 


Direction of counter 
movement during play 


NO. 




15) MISTMP 


Entry parameters: Register DE * No. of counts (B for high, 

C for low) 


Return information: None. 

Purpose: Sets the tape movement protect count. The tape 

movement protect count is the number of counts the 
tape can be moved (wound) in either direction. If 
an attempt is made to move the tape beyond this 
distance, the tape is stopped automatically. For 
example, when the current count is 500 and the tape 
movement protect count is 300, rewinding the tape 
to 400 reduces the tape movement protect count to 
200. Afterwards, the tape will stop at 600 (when 
the tape movement protect count reaches 0) if an 
attempt is made to advance it to 700. 
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16) NIRSMF 


Entry parameters: None. 

Retiim information: None. 

Purpose: Resets the tape movement protect count. 
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17) MISOBL 

Entry parsuneters: Register C » Read mode 

DE s No. o£ bytes to be read 
HL » Block niunber 

TOSDMA ^ Starting address of the buffer 
in which the data read is to be 
stored (block number pointer) 

RetTirn information: See 6.3 Return Codes. 

Purpose: Reads the number of bytes of data specified in 

register DE into the buffer whose starting address is 
specified in TOSDMA. Data is read in the mode 
specified in register C. This ftinction makes it 
possible to retry a read if the first two bytes 
specified by the start of the buffer are not the 
same as the block number specified in register HL; 
however, it returns without doing anything if the 
number of retries is 0. 

Read mode 
Bit 7 

Bit 6 0 » Non-stop mode, 1 ^ stop mode 

Bit 5 
Bit 4 
Bit 3 '' 

Bit 2 I 
Bit I 
Bit 0 > 


No. of retries (0 to 15) 





18) MIWTBL 


Entry parameters: Register DE =« No. of bytes to be written 
Register C » Write mode 
TOSDMA a Starting address of the buffer 

containing the data to be written 

Return information: See 6.3 Return Codes. 

Purpose: Writes the number of bytes of data specified in 
register OE to the tape from the buffer whose 
starting address is specified in TOSDMA. The write 
mode which becomes applicable to this data is 
determined by the setting of bit 7 of the C register. 

Write mode 

Bit 7 0 « Non-stop mode, 1 « Stop mode 

Bit 6 
Bit 5 
Bit 4 

Bit 3 ■ ”” 

Bit 2 
Bit 1 
Bit 0 
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19) MIGTWP 


Entry parameters: None. 

Return information: Register A » 00 Non protect 

A » 03 Protect 

« 

Purpose: Reads the status of write protect pin of MCT tape 


title 


EPSON 


PINE MTOS 


SHEET 

REVISION 


NO. 


Specifications 


A 


[NEXT 


c 











21) MILEDOF 


Entry parameters: None. 

Retxirn information: None. 

Purpose: Turns off the microcassette drive LED. 
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24) MILOAT 


Entry parameters: None. 

Return information: None. 

Purpose: Loads microcassette data into the system data area 
This function is used during power-off processing. 
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24) MIERS 


Entry parameters: Register DE » Tape count 

Return information: See 6.3 Return Codes. 

Purpose: Erase^ the length of tape corresponding to the tape 
count specified in register pair OE. 
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Chapter 6 MOSXF 

MTOS (the microcassette tape operating system) and MIOS (the 
microcassette input/output system) are interfaced with CP/M 
via the microcassette operating system interface (MOSIF). 


6.1 MTOS Calls 

The procediares for making MTOS calls are compatible with those 
for making BOOS calls. Whether operation is performed by MTOS 
or BOOS when a call is made is determined according to the 
following rules. 

Rule 1 

Functions which are not supported by MTOS are performed by 
BOOS. 

Rule 2 

When the FCB is used as a function parameter, the function 
is performed by MTOS or BOOS according to the disk drive 
code contained in the FCB. 

Rule 3 

Other MTOS functions are performed only when the currently 
logged in drive is the MCT. 

A list of the MTOS system calls is shown in the table 2. 
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6.2 MIOS Calls 

The 18 basic MIOS functions 

are used as a single. 

milltiple-function BIOS call 

. These functions are called by 

setting the function ntomber 

in register B and calling MIOS 

entry MCTX. The numbers set in register B for each function 

are as follows. 

Register B 

Function 

0 

MIROST 

1 

MIRDCT 

2 

MISTCT 

3 

MISTOP 

4 

MIPLAY 

5 

MIREC 

6 

MIFF 

7 

HISBEW 

8 

MIREW 

9 

MIFFTE 

10 

MIRWTT 

11 

MIHDON 

12 

MlHDOP ■ - 

13 

MISKTP 

14 

MISTMP 

15 

MIRSMP 

16 

MIRDBL 

17 

MIWTBL 

18 

None 


None 

20 

MIGTWP 

21 

MILEOON 

22 

MILEDOF 

23 

MISOAT 

24 

MILOAT 








6.3 Return Codes 


Each function of MTOS or MIOS has some return codes. The return 
codes of MTOS are set in the A and H registers/ and TOSRCD. 

Those of MIOS are set in the A and C registers, lOSRCD, and 

BIOSERROR. 

MTOS reports 4 errors of CP/M and corresponding error codes are 
set in the A and H registers. 

1) Return codes of MTOS 

Return codes of MTOS are set in TOSRCD. ‘ 

The value to be set in A and H registers is decided by the 

error code in TOSRCD at the end of MTOS. 

a) BDOS level error reports 

While CP/M reports 4 errors, MTOS reports the errors as follows: 

(D When error return is made from MIOS, 

BAD SECTOR 

@ Error during MOOT 

bad select - 

(D Irregular access of R/0 drive 
R/0 

0 Irregular access of R/0 file 
R/0 FILE 

If the each error report is suppressed, error code for each 
error is set in A and H registers and a return is made. 



A 

H 

B 2 id Sector 

PF 

1 

R/0 

PP 

2 

R/0 Pile 

FP 

3 

Bad Select 

FP 

4 
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b) Return code in TOSRCD 

There are 18 return codes in TOSRCD. 

Retxim codes in TOSRCD, A and H registers, and its explanations 
are shown in Table 1. 

If the value of H register is 5, the error is unique to MTOS, 
while 0, it may correspond to the CP/M error. 

Table 2 shows the error codes which may bef reported in MTOS 
functions. 
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2) Return codes of MIOS 


Return codes of MIOS are set in A and C registers. Also these 
values are set in BIOSERROR and lOSRCD and a return is made. 
BIOSERROR is the error code as BIOS, while lOSRCD includes the 
error information of firmware. 

Table 3 shows the error code and its result. 

Table 4 shows the each MIOS function and possible error results 
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Table 2 MTOS System Calls and return codes (I) 

























































































( Can'CirtU^d ) 


Func¬ 
tion Function 
No. 


37 


38 


39 Mot used 


8 9 A B C 


Reset disk OE Drive 
drive vector 


Func¬ 

tion 

MO. 

Function 

2S1 

Verify 

252 

Remove 

253 

Mount 


Table 2 MTOS System Calls (II) 


2 3 4 5 6 


Return 

s^code 


Pare-^SL 

meter 


OB TFCS 
address 


DE ^ FCB 
address 


Notes: 1. "O" indicates it is not supported by MTOS. 

2. See the explanation of each function. ^ 

3. * indicates that verify is specified after CLOSE. 
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Chapter 7 OTHER NOTES 


This chapter describes the relationship between MTOS and MIOS 
and the Pine operating environment. Items discussed are as 
follows. 

1) Limitations on the buffer used by MIOS 

2) Foced termination and power-off of MTOS and MIOS 

3) Auto remove checks 

4) STOP mode and NONSTOP mode 

5) Auto mount checks 
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7.2 Forced Termination and Power-Off of MTOS and MIOS 


There 'are two events which can result in interruption of MCT 
operation; these are .(1) Forced termination (CNT-STOP) and 
(2) Power-off. MIOS and MTOS processing for both of these 
is as indicated below. 

(1) Forced termination « 

< MIOS > 

When processing currently being performed is a seek, write 
or read, that processing is discontinued, the motor is 
stopped, the head is unloaded, and the return code OFFH is 
placed in register A* 

< MTOS > 

When processing currently being performed is a read or 
write, a Bad Sector is posted to CP/M, processing is 
discontinued, and the file is closed. If termination 
occurs during a write, the file is not cataloged, in the 
directory. 

(2) Power-off 

< MIOS > 

When processing currently being performed is a read or 
write, the motor is stopped, the head is unloaded, and the 
retxirn information 'is set after access to the current 
block has been completed. In the seeking the motor is 
immediately stopped. 

< MTOS > 

The power goes off after control is returned from MIOS. 
Read access will be continued the next time the power goes 
on (if power-off is in the continue mode). With other 
than the continue mode, the file is closed upon power-off 
because a cold start is made when the power goes back on. 
If a write is being performed when the power goes off, the 
file is not cataloged in the directory. 


EPSOM 


TTITLE 

PINE MTOS Specifications 


SHEET 

REVISION 


/I 


NO. 


NEXT 

ej 


SHEET 



7,3 


I Intentionally blanx) 


TITLE 


PSON 


PINE MTOS Specifications 


SHEET 

REVISION 


/) 







7.5 STOP Mode and NON-STOP Mode 

This section explains use of the STOP and NON-STOP modes of 
tape access and the types of control which are used with the 
two modes. 

1) Procedures for use 

1-1) STOP mode 
1-1-1) Writes 

In the STOP mode, the motor is stopped after each block is 
written, then is started again to write the next block. 
Writes in this mode take longer because the motor is started 
and stopped for each block. However, since the motor is 
stopped after writing each block, it doesn't matter how much 
time passes before each block is written. 

1-1-2) Reads 

In the STOP mode, the motor is stopped after each block is 
read, then is started again to read the next block. Since 
each block is written twice, the motor must be started and 
stopped two times in order to read one block. Since the 
motor is stopped after reading each block, i\ doesn't matter 
how much time passes before read operation starts for each 
block. 
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1-2) NON-STOP mode 


1-2-1) Writes 

In the NON-STOP mode, the motor is not stopped at the end of 
each block write; since this eliminates the time which is 
required to start and stop the motor, it is faster to use 
the NON-STOP mode to write to tape. However, unless blocks 
aure written in uninterrupted succession, tape will be wasted 
because there will be longer gaps between blocks. This has 
the potential disadvantage of making read operation more 
time consuming. 

1-2-2) Read 

In the NON-STOP mode, the motor is not stopped after reading 
each block. This eliminates the time which is required in 
the STOP mode for starting and stopping the motor. However, 
read errors will occur in this mode unless the read 
operation for each block begins before the beginning of the 
block is reached on tape. 
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1-3) Comparison of the STOP and NON-STOP modes 

This section compares the amount time required for write and 
read access in the STOP and NON-STOP modes. 

This comparison assiimes the following conditions. 

1) That no erroi^s occur 

2) That access is continuous (that no other processing is 
performed between access to each block) 

The number of blocks per file is given as BN. 

Symbols: 

T^S* Time required to write BN blocks in the STOP mode 

Tj^: Time required to read BN blocks in the STOP mode 

T^: Time required to write BN blocks in the NON-STOP mode 

Tp 2 }: Time required to read BN blocks in the NON-STOP mode 

Tr^: Access time per block 

Tstop* Amount of time motor is stopped 
*^START* speed stabilization time 

T^g: An»unt of time which* is required regardless of mode 

(to find and access the header and to write the EOF . 
code to tape) 
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2) Control 


This section explains the flags used for access control. 

The procedure for selecting between the STOP and NON-STOP 
modes is explained later. 

1) TAPMOD 

Bit 7: 1 for the STOP mode, 0 for the NON-STOP mode 

Bits 3-0: Number of retries 

2) TACATR 

Same bit configuration as TAPMOD. 

3) DFTATR 

Contains the default value for TACATR; initialized upon 
reset. 

4) TOSCTL 

Bit 5: TCSIAT 0: Access mode is determined from the 

directory. 

1: Access mode is determined from 
TACATR. 

5) dirtam (i) * 

TAPMOD setting at the time of creation of file i (recorded 
in the directory). 
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Write (Read) 



o TAPHOD is set when a £ile is created or opened. 

When a file is created, the value of TACATK is set 
unconditionally• 

When a file is.opened, the value of dirtam (i) is set if 
TCSLAT of TOSCTL is 1, and the value of TACATR is set if 
its value is 0. 

o When a warm boot is made, TACATR is eet with the value of 
DFTATR. 

o Bit 5 of TOSCTL is set to 0 when a warm boot is made, 
o DFTATR is set with the default value upon reset. 
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o Relationship between the system display and the (N or S) 
option of BASIC 

Either the STOP or NON-STOP is used for tape reads and 
writes in BASIC. Procedures for specifying the mode are 
as follows. 

Writes (file creation) 

Bit 7 of TACATR is set to 1 for the STOP mode, and to 0 for 
the NON-STOP mode. Unless otherwise specified, the NON-STOP 
mode is used. 

Reads tfile opening) 

Bit 5 of TACATR is set to 1 for the STOP mode, and to 0 for 
the NON-STOP mode. Unless otherwise specified, the bit 5 
is set to 0. 

Whether or not "STOP" or "NON-STOP" is displayed on the system 
screen is determined by the setting of bit 7 of TACATR. 

Note: The STOP mode can be used for access from BASIC 

regardless of whether the NON-STOP mode is specified 
from the system screen. The mode is determined when 
the file is opened or created. 




7.6 Setting the MTOS Controller 


MTOS copies system flag 1 to TOSCTL, if MSB of system flag 2 
is 1 at MOOMT. 

TOSCTL is composed of the flags to control MTOS so that it ci 
decide the MTOS operation for the tape at MOUNT. 

TOSCTL configuration 


Bit 7 

Unused 

Always 0. 

Bit 6 

TCCTCR 

1: 

Adjust the counter. 



0: 

Not adjust the counter. 

Bit-5 

TCSLAT 

1: 

Access mode unselect. 



0: 

Access mode set by directory. 

Bit 4 

TCAMF6 

1: 

Performs auto mount. 



0: 

Not perform auto mount. 

Bit 3 

TCRCFG 

1: 

Check auto remove 



0: 

Not check auto remove. 

Bit 2 

Unused 



Bit 1 

Unused 



Bit 0 

TCIGTS 

1: 

MTOS detached from system. 



0: 

MTOS not detached. 
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L. Application 


These specifications apply tc the Pine Micro-Cassetee 
Option (abbreviated as PMCT in the following). 

2. General Outline 

i) The PMCT is an intelligent micro-cassette controller 
containing a control CMOSMCU6301V. 

The PMCT is connected to the Pine cartridge interfac-e 
and used in handshake mode. 

The Pine main unit sends commands or commands and 
parameters (data) to the micro-cassette option via 
handshake interface, thus making control of the 
microcassette drive possible. After completion of 
operation, or during operation, an ACK in response tc 
the command, or data and ACK, are returned to the 
main unit. 

When some continuous operations are interrupted, the 
break command is effective. 

ii) The PMCT consists of the following elements. 

* Frame 

* Micro-cassette tape transport mechanism 

* Printed circuit board (including MCU) 

This specification manual deals with the electric 
circuits of the printed circuit board including the 
MCU which contains firmware, and methods of use. For 
further details on the frame and the mechanism, 
please consult the following material. 

.* Pine external design drawing 

* Spec sheet for the micro-cassette tape 
transport mechanism (Olympus Optical 
Electronics , Ltd.) 

iii) As a rule, installation and removal of the PMCT 
should only be performed with power to the main unit 
turned off. If it is installed or removed with the 
power turned on, we cannot be held responsible for 
any resulting trouble. 

When power to the main unit is turned on after the 
PMCT has been installed, auto-reset of the PMCT is 
performed and the device as well as the internal RAM 
are initialized. 
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3. Hardware Specifications 


Pine Micro-Cassette Hardware 
Contents 

60 General outline of the systeui 
saO.l Cartridge interface (CTG-IF) 

&ci0.2 Configuration of the micro-cassette option 

61 Cartridge interface (CTG-IF) 

661.1 Names and functions of the CTG connecter terminals 

661.2 Cartridge interface in handshake mode 
&&1.I/0 address space in H5 mode 

&&1.4 HS mode operation 

62 Micro-cassette option hardware 

662.1 General outline of the hardware 

662.2 Structure and constants of the various systems 

6662.2.1 Capstan motor drive system 

6662.2.2 Head motor drive system and braking system 

6662.2.3 Head switch section 

6662.2.4 Mistake^n erasure prevention switch section 

6662.2.5 Write s’ignal output system 

6662.2.6 Counter system 

6662.2.7 Read signal amplifier system 

6662.2.8 Erase signal generation system 

6662.2.9 LEO for indicating that tape can be removed 

6662.2.10 Power source control system 

&3Assignment of the MCU5301 input/output pins 

663.1 General outline 

663.2 Assignment of the input/output pins 
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'i iTi i c i.' c ~ c c. s s <3 c u & option 
General outline of the system 

In the case of Pine, the micro-cassette drive ir 
regarded as one of the options to be connected to tht 
cartridge interface. Various other options can o 
connected to the cartridge interface (called CTG-I 
in the following) connecter, such as ROM cartridges 
RAM cartridges, a D-Modem universal cartridge, etc 
However, the use of the interface differs for each o 
these options. As for the micro-cassette option, i 
is used in handshake (HS) mode. 


&&0.1 Cartridge interface (CTG-IF) 

The following is a schematic drawing of the syster 

Pig. 1 Schematic of the Pine CTG-IF 


address bus (16) 


2-80 


data bus (8) 


GAPNIO 


0~D 


micro-cassette drive 


The micro-cassette option performs in- and output of 
data to the main CPU (280) through the output and 
input buffers in GAPNIO. Control is performed by 
flags OBF and IBF. When the’main CPU writes data or 
commands to the output buffer, OBF becomes 1 and an 
interrupt signal ( CITO =0) is simultaneously output to 
the option. When the micro-cassette option reads the 
data or commands, the interrupt request ceases. 

In order to decide whether the information 
transmitted during communication between main CPU and 
slave MCU are data or commands, CABl and FO in the 
status flag register are used. The second bit (CABl) 
of the CHSSR assigned to the I/O address $11 is read 
from the main CPU. If CAB1=0, then the information is 
data. If CAB1=1, it is a command. Bit 3 (FO) of OPSR 
assigned to address $101 (in actual practice, any 
address that fulfils the conditions IOS=0 ($100 - 
$1FF) and C.AB0=1 will do) is read from the slave MCU. 
If F0 = 0, then the information is data, if F0 = 1, then 
it is a command. 

The Pine micro-cassette system has no R.AM besides the 
internal RAM in the MCU6301, and the MCU is not 

backec up. Therefore, it will sometimes be necessary 
to send the values in the internal RAM to the mciin 
unit and thus save this data if power is turned ofc. 
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pine micro-cassette option 

&1 Cartridge interface (CTG-I?) 

&&i.l L'iames and functions of tne 20 CTG connecter 
terminals 

The names and functions of the cartridge connecter 
terminals in handshake mode are shov/n belov/. 

Table 1 Mames and functions of the CTG- 


Sym bol I/O 
CCS I 


CABl I 


CABO I 

CR^, C^ I 
CDB7-0 I/O 

CSEL I 

Giro 0 


CAVD I 

CRS 0 

CEN I 

RS 0 


connecter terminals 

Function 

Chip select input from the micro-cassette 
option. This' line is connected to the lOS 
(SC]_) of 6301. When 6301 accesses the 
addresses OlOOK to OlFFH, it goes to "L" 
(Mode 5). 

General purpose input line from the micro¬ 
cassette option. This line is connected to 
the 6301 port 1 bit O(PIO). It is set 
before the 6301 writes data to the output 
buffer. "L" indicates that the information 
is data, "H" that it is a command. 

Address input from the micro-cassette 
option. This line is connected to the LS3 
(AO; P40) of the 6301 address bus. 
Read/write pulse input from the micro¬ 
cassette option. 

Data bus input/output from the micro¬ 
cassette option. 

Option select signal input. Pulled down in 
the micro-cassette option. Can be read from 
the main CPU as bit 6 of lOSTR. 
Interruption request output to the micro¬ 
cassette option. When the main unit has 
output data or commands to the output 
buffer, OBF (seen from the main unit) = 1, 
CITO=0. When the micro-cassette option 
reads the data or commands, the 
interrupt request ceases. 

Input for digital audio signal connected to 
the speaker. Also used as a general purpose 
input. In that case, can be read as lOSTR 
bit 7. 

Reset signal for the cartridge. When 0 is 
written to the lOCTLR bit 3, the CRS 
terminal becomes 0. When 1 is written, it 
becomes 1. However, it is not used in the 
micro-cassette option. 

Enable signal input to 6301. 

.System reset signal. 
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&&1.3 I/O address space in HS mode 
Seen from the main CPU (Z80) 




Register name 

BWIililiillil 

b2 

bl 

bO 

Flag change 

1 

lOH 

CHSIR 

command/data 

IBF reset 

IIH 

CHSSR 


OABl 

IBF 

’ IBF 


12H 



13H 

nuu Ud«SU ULIXUX 


lOH 

CHSOR 

data 

OBF set, F0=0 

IIH 

CHSOR 

coinmand 

OBF set, F0=1 

12H 

Not used (access prohibited) 

13H 


CHSIR : Cartridge HS .mode input register (CABl^O indicates 
data, CAB»1 commands) 

CHSSR : Cartridge HS mode status register 
CHSOR : Cartridge HS mode output register 


Seen from the CTG option 


R/W 

Address 

CABO 

Register name 

b7 b6 b5 b4 

b3 


bl 

bO 

Flag change 

R 

e 

a 

d 

lOOH 

■ 

OPIR 

command/data 

OPIBF reset 
(OBF reset) 

lOlH 

■ 

OPSR 


FO 

B 

OPIBF 

OPOBF 



lOOH 

■ 

OPOR 

command/data 

OPOBF set 
(IBF set) 

lOlH 

■ 

Not used (access prohibited) 


OPIR : Option input register (identical with CHSOR; F0*>0 
Indicates data, 1 connands) 

OPOR : Option output register (identical with CHSIR; CAB1=0 
indicates data, 1 commands) 

OPSR ; Option status register (Differs in some points from 
CHSSR.) 

When the slave NCU reads OPIR, the interrupt request 
ceases. 
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the main unit), the main unit reads it. This handshake is 
controlled by the flags I3F (0F03F) and 03F (0PI3F) of the 
status registers (CKSSR on the main unit side, 0?SR for 
the option sice). 


When the main unit is writing to the output buffer, A30=i 
(selection of address IIH) indicates commands, A30*C 
(selection of address lOH) data. The value of ASO at this 
time is entered into FO (one of the status flags). This is 
read as bit 3 of C?SR from, the option side. When the main 
unit writes data or commands to the output buffer, 03F 
becomes 1 and a inte rrupt request is simultaneously cutpuc 
to the option (CITO=0). The value of 03F can be read from 
both the main unit as well as from the option. However, 
the meaning is opposite for the main unit and the option, 
the 03F on the main unit side being the OPIBF on the 
option side. The same holds true for I3F as well. On the 
option side, the fact that writing into the output buffer 
has been performed from the main unit is known due to 
interrupt or status read. That information is read 
together with command/data flag FO. When t he op tion reads 
the output buffer, OBF returns to 0 and CITO to 1. The 
option reads the data (when F0=0) or command (when F0=1) 
in the output buffer when CABQsO (selecting address lOOH), 
or else reads the status when CA30=1 (selecting address 
lOlH) . 


When the option is writing into the input buffer (seen 
from the main unit), CAB1=0 indicates data, while C.A31=1 
means a command. This CABl value is entered into bit 2 of 
the status register CHSSR. When writing to the input 
buffer is performed, IBF becomes 1, but v/hen the main unit 
reads the input buffer, IBF returns to 0. 
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ine :nicro-cassetue option 
St2 Micro-cassette option hardware 

&i2.1 General outline of the hardware 

The micro-cassette option is an intelligent cype 
containing an MCU 6301. It is interfaced with the main 
unit's CPU Z30 through the gate assembly GAPIO in the 
main unit. Details on the interface are given in &1. 

In order to secure an I/O port, the slave MCUoSOl is 
used in node 5. The difference between this and the 
Maple's micro-cassette drive, besides this difference 
in modes, is that the counter must be realized in the 
firmware. Therefore, the hardware counter system 
consists only of the photo-reflector parts and the 
waveform generating parts. 

All other design factors are practically the sa.me as 
for the Maple micro-cassette drive. In other words, 
the capstan motor drive system consists of the 2 ICs 
M54546L and M51970L. The head motor drive system and 
brake system are discrete parts, while the signal 
reading part consists of the operational amp 2904 and 
a CMOS linear amp. 

When creating firmware, attention has to be paid to 
the following two points: that no RA.M is provided on 
the option, and that the MCU is not backed up. 
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5iSi 2.2 Design anu ccnstantis or tne various syst: 
&&&2.2.1 Capstan motor drive system 


/N Control signal 


Input 1 (I'-iTA) 

O- 

Input 2 (MTB) 


Frequency 

_ Tacho genet< 

^ Fqi _ 


Drive section 


Control section 


Drive current 


Input 3 (MTC) 


Input signals and capstan motor operation 

MTA WTB MTC OPERATION 

H L • L slow feed forward 

L H L slow feed backward 

H H L brake 

L L H don't use 

H L H fast feed forward 

L H H fast feed backward 

H H H don't use 
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&Si2.2.2 iieac .Tiotor arive systera anc orakinij syscsr.i 


3IT<2..Nino signal 

c_I>. 


-0 HPMI. . 


-C 


Braking signal 


Operation 

Head motor braking 

Head motor driven 


&&&2.2.3 Head switch section 


Ai-'/sw 


Output signal 


Head condition 
on 
o££ 


Switch condition Output signal 
o££ H 

on L 


&&St2.2.4 Mistaken erasure prevention switch section 


Output signal 


Mistaken erasure Switch condition 

prevention pin condition 

Loss on 

Mo loss off 


Output signal 
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mIT — ' 


CUupUC SyS 119171 


v;r i te 


signal 

c-^'M 

?/D 


■o 






-3 f??H+ 
O S?H- 

TTT 


Except during writing, ???="H" and Dl, D2 are turned o£f, 
switching? input and output. 


&&&2.2.6 Counter system 



Bulse generation section 

Y 


IE=constant 


Constant current section 
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Output signal /I 
o- 

Control Q 
signal input 


II- 

Hr- 


p'^t] 

‘>1 .f''-** 

P., ./rl I -tvv - 

I_LL 


^1 I-.*'! K> 


InJ = 0. 


'Cl l\ Cl 

/-|-Imv||- 


l?j C* signal input 

-vvv-11--o 

lihli 


Output to 
tlie speaky 


•comparator -linear amplifier .peak detector Third LPF 

Band Pass O.SdB 
ripple 
Chebyshev 
characteristics 

* • fc » 3kllz 


Inverting amplifier iInverting.amplifier 
. G « IW/R^ gain : G 


B =|fc 


27uCsR7 


band width:li= ^*fc 
cut off frequency; 

f = - 1 -' 

2x.C3l^f ^ 



Al, A2 and A3 bias the nOii-inverted input 
terminals to VLSWR2/(RHR2) SO that tliey operate 
with a single power source. 


§§§ 2.2.7 Amplifier channel for the reading signal 




liZID 






Erase 


signal input 
3WH 



Erase signal 
"K” 

"L" 


Operation 

Erasure 


&&&2.2.9 LEO for indicating that tape can be renioved 


Green LED 

Control signal input 

C. ~ ‘. V \ 

( L£E7; 



Control signal 
H 
L 


LEO 

off 

on 


&&42.2.10 Power source control system 




EPSON CORPORATION 


TITLE 


I SHEET 
j REVISION 


NO. 


NEXT 

/ Ji 


'sheet 



pine micro-cassette option 

5i3. Assicn.nent of tae MCUC'301 input/output pins 
&&3.1 General outline 

The MCU 63C1 contained in the Pine micro-cassette 
option is used in mode 5. The inputs/outputs or eacn 
port during use in mode 5 are shown below. 

Functions of each terminal in mode 5 (mode 6: Cak) 


Mode 

Parti 
( 8 

lines) 

Par t2 
( 8 

lines) 

Parts 
(• 8 

lines) 

Part4 
( 8 

lines) 

SCI 

SC2 

6 

expan¬ 
ded MUX 

I/O 

I/O 

address 

bus 

(A0-A7) 
data bus 
{D0-D7) 

address 

bus 

(A8-A13) 

AS 

(0) 

R/W 
• (0) 

5 

expan¬ 
ded MUX 

I/O 

I/O • 

data bus 
(D0-D7) 

address 

bus 

(A0-A7) 

fos 

(0) 

R/W 

(0) 


I=input/' Qgout p ut, AS=address strobe, 
R/W=read/write, I0S=I/0 se-lect 


* These terminals can be used as I/O terminals (for 
input only) in order of precedence when they are 
not needed as address lines. 

Since Pine is used in mode 5 and Oak in mode 6, the 
condition of the mode setting ports (P20, P21, P22) must 
be established during reset. 
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&&3.2 Assicn.tient or tne 


input/outv-ut pins 


The following shows the assignaient of the inpuc/ouz; 
pins for the MCiJ6301. 


Fin Ma.me I/O 
No. 

1 Vgg I 

2 XTAL I 

3 EXTAL I 

4 NMI I 

5 I 

6 res' I 

7 ST3Y I 

8 ?20 I 

9 P21 0 

10 P22 0 

11 P23 I 

12 P24 0 

13 PIO 0 

14 Pll 0 

15 P12 0 

16 P13 0 

17 P14 0 

18 P15 . 0 

19 P16 0 

20 P17 0 


Function Connec 

to CT 

Ground GN 

Quartz connection terminal 
- 4MHz 

Quartz connection terminal 
(ground side) 

Non-maskable interrupt input 
terminal (pulls up) 

Interrupt request 1 input _ 

terminal C^O 

Reset signal input terminal RS 

Standby signal input terminal 
(pulls up) 

Mode setting terminal (K at 
reset). Read signal input 
terminal. 

Mode setting terminal (L at 
reset). Write signal output 
terminal. 

Mode setting terminal (K at 
reset). LSD control terminal 
(L:on, Htoff) 

Serial input terminal 

Serial output terminal 

HS mode control signal (H; CABl 

command, L: data) output 

terminal) 

Erase head control signal 
(H: erasure) output terminal 
Head motor control signal 
(H:brake, Lrdrive) output 
terminal and speaker output” 
switch (L:off) 

Capstan motor control signal 

(MTA) output terminal 
Capstan motor control signal 

(MTB) output terminal 
Capstan motor control signal 

(MTC) output terminal 

Operational amp etc. logic side power 
con trol signal output terminal 
IRQ mask set (L; mask) 
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EOl0352 a 

MB62Hn4 (FUJITSU) 

GAPNIO (Gate Array for ^INE _Iiiput Output controller) 


SPECIFICATION 

4 

GA^IO is Gate Array for FINE and controls Input, Output. 
It consists of tile following blocks. 

(1) APT (Asynchronous Peceiver Transmitter) 

(2) Centro interface 

(3) CTG (Cartridge) interface 

(4) SIO (Serial 10) interface 

(5) PS232C interface 

(6) Other 10 (LED,Speaker; 




A, bS.6.28 




i 
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1. PINE summary 

PINE is made of maia CPU Z8l5, KB-coatrol CPV 75*58,64KDRAM, 321i BOM x 3 , 
aad 3 gate array (GAPNIO, 6APNIT, QAPNDL). GAPNIO eoatrols maia part 
of 10 laterface. GAPNIT controla iaterruptioa of 75®8 interface, timer 
fuaetioa, all address space. GAPNEL controls 0-RAM and LCE-controller. 


1.1 PINE structure 


oystM bua 


bu« • (/d) 


iottltlplM (9) 



sbdtf/bzttraal^ 

Aemssttt# 


GAPNIO gate array 

GAPNIT gate array 

GAPNDL gate array(D-RAM,LCO-eoiitrol) 

SIO serial 10 eosnector 

CTG cartridge connector 

75^8 4 bit CPIT SB control 


CS - chip select 

DW^OCAS «OBAM control signal 

when standing by 
T X C,H X C -Serial 10 clock 
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I&CTLR TQ-Control register (8) | 

S P I L£5Z| Lc£?1 [L-KS, jS&UTj PM | P5TBi 
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(55W) BAMB - 


BaxUcswltck, timer base clock switch 

bit 7 4 BANK 3^0 BANK switch 

bit 3 EDO switch for developmeat board 

bit 2 BYA switch for development board 

bit CKSW 1,0 clockswitch set fit for 2.45 MHZ, 

3.07 MHz,3.68*'MHz 


C06w) BIOS - SIO register for 7308 interface 


(2) GAPNDL register 

(08W) VADR - specify VRAM status in. 

(09W) TOFF - 7 offset register 

Tbit 7 DSP Display OH/OFF 
\ bit 75scroll specification 


(0AW} FR 


- decide fraae frequency of LCD 


(0BV} SPUR - control iapedanee of LCD power 


(3) QAPNIO register 

'(10''13R) CTG IF - input for cartridge interface 
(14R) ARTDIR - received buffer compatibllxty 


(135) ARTSR 
( 16 R) lOSSR 


- received buffer compatibllxty for 8231 

• status register compatibility for 8231 (subset) 

- status input 

bit 7 CAOD audio input from cartridge connector 

bit 6 CSEL option input to connection wxth cartridge 

connector 

( bit 3 RCTS clear to send input 

bit 3 BXD serial data input 

bit 2 SIN SIN input from SIO interface 

bit 1 PERR error input from centro interface(printer) 

V bit 0 PBS7 busy input from centro interface (printer) 


(10'vi3iir) CTG IF - output for cartridge interface 
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2. GAPNIO summary 

This chapter alas at understandxag the GAPNIO structure. As all matters 
which It Is necessary to make prograomlhg by GAPNIO Is put on this chapter, 
It Is enough for the persons concerned to software, to read this chapter 
only. Uarware contents ex. circuit Is explained minimum necessarily In 
this chapter,butlt Is detailed In the chapter 3* ^be persons eoneemed 
to hardware have to be reffered to the ehpter 3 also. Diagram in this 
chapter is little different from real diagram for easy understanding, 
but as It Is correct logically,It Is no problem to programing. 


2.1 GAPNIO block diagram 


15 5 


&APNI0 


to ooea block 


»€> g 


address 

decoder 


AfiT part , 
(rit for 8251). 

switch 


eestro* 

laterfaee 


PS232C 

iBtorfoeo 


eaatre eonaeetor RS?3^Ceonaoetor 0 .SIO’**’**®*^**^ g) eo^aoetor @ speaker 
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2.2 Register initial reset 

In the element composxng of circuit, memory element value of flip flop, 
latch, etc. does not be fi:ced uniquely when power is on. But these memory 
elements in the circuit sure used as status control, port output and those 
value is significant when power is on or reset and those value must be 
fixed uniquely for the most part. In this case, memory element with reset 
terminal is used generally and external reset input connects to memory 
reset terminal. 

Memory element usage in GAFNIO divides 3 following items. 

(1) register. Initial reset is not necessaryCregister to write data from 

CPU, ARTDOR etc.) 

(2) register, initial reset is necessary (register to write data from CPU, 

ABTCR etc.) 

(3) flag control system, initial reset is necessary (not write directly dat^ 

from CPU, TxRDY etc.) 

In the above (2),(3)» Initial reset is necessary and about (3) flip Hop 
with reset terminal is used and about (2), it is the following special 
usage for hardware economy. 



Register belonging to (2), is 3 register i.e. ARTCR (address 16H), SVR 
(address 18H), lOCTLR (address 19H) and the above flip flop A shows these 
bits. As A has no reset terminal,Q a* Initial value is indefinite. On the 
other thing, flip flop B is for masking output from A and it is reset 
initially and initial value is p. Accordingly, Qa ixtltial value is G also. 
So in the programming it is good to write data as Q.'* 0 during Pa'^O. 
After, by setting then initialization is comleted. Qa la set to 1 

by write command to address 13H and then,by resetting again, Qa remains 1. 
By the above initialized routine, aaams to be same output from FF with 
reset terminal. 

Inltlalzation routine summary is as follows. 


reset start) 


'•tiierjOcTLR (»H) 
8-^ySwR (tW) 
lAKTCR II6H) 

ZZZZIZ!Z»!SZ!ZZZZZZ 

USH) 


: TITLE 


any write 
data is good 
to ARTMR 


note: Hereafter, initial 

'reset for AHTCR,^ SWR, 
lOCTLR means' 
ini tiali zati on 
routine to be 
explained here. 
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2.5»1 Ceatrd interface 


Centro interface is 8 bit parallel interface and connects to standard 
printer. Data strobe signal PSTB is supplied from main part and it does 
handshake by busy signal PBSI from printer. In addition to PSTB,PBST, 
there are PEBH which shows printer error status and PINT wnich initializes 
printer from main part. Totally, interface is done by 12 signal. 


databus 


P£R C17H3 


peeT-s 


XgCTLff tWH] 

IomI 


OIL 

■4& m 


PINI 

PSTB 


iflSTB 



AAPNIO] 


— PERR 

— PBsr 

printer 


eentro Interface block dlagramm 


Q Terminal name and relation to register 



LosLeal Fuaetloa (tarmaal) 


Corr« 9 * 

pondlns 

r«glat«r 


parallal 8 bit data (17H) 
PDB 


data strove signals 
pulse width Is Bin 
generally 
High, active Low 

Initial reset for 
printer controller 
Pulse width Is aln 
SA/AS.Generally High 
reset by Low. 

Bl'gh is»printer 
cannot accept data 


Low Is 9 printer 
Is error status 


(19H) 

10 CTLfi 
bit Q 
PSTB 

(19H) 

10 CTLB 
bit 1 

5JSI 


(16H) 
ZO STB 
bit 0 
PBST 

(IBB) 
10 STB 
bit 1 
PEBB 


DeserlptlonC register) 


write 1 to register,PDB., 
1 terolnal becomes 1 • 

PDR Is not reset inltlalr 

write 1 to register .P^TB 
teralnal becomes O.PSTB 
bit Is reset initially 
PSTB terminal becomes 1. 

write $ to register 9 PINI 
teraln^ becom es 0 . By 
Initial reset 9 PINI . 
teralnal becomes 


when PBSI is 1,1 is 
Input value. 


when PE 2 U 2 is (^9 1 is 
input value. 


note : In thla ease, initial reset means initialization routine by 

programming described 2.2 chapter. 
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2.3»2 CTG IF (cartridge interface) 

PmE CTG interface connector can connect with option equipments such as 
Micro cassette, ROM cartridge, RAM cartridge, D-MODEM, universal cartridge, 
CTG IF works with these option equipments. According .to connecting optipn 
equipments, how to work as Interface is different in each case and CTG IF 
copes with by mode switch. CTG IF has 4 modes and mode is decided by option. 
Each mode is as follows. 


(1) ES mode (handshake mode) 

As micro cassette , it Is CPU to CPU interface with device having CPU 
at option side and It is similar to 8255 Handshake mode. It exchanges 
data through output buffer,input buffer. Control of data exchange Is 
done by flag (JBF»OBF). 

(2) 10 oiode (input output port mode) 

It takes interface in the form of 4 bit input port or 4 bit output port. 
O-MODEH is this mode.(Higher 4 bit output,Lower 4 bit output) 

(3) OB mode, option looks like ordinary 10 device in view of main part. 

CTG IF connects directly data bus at the main part to cartridge data 
bus. Cartridge option has 4 address space 19H t3B. ROM, RAM cartridges 
are connected by this mode. 

(4) OT mode (output port mode) . 

This takes interface in the form of 8 bit output port. 


Q Mode setting 

CTG IF mode is done by cartridge switch CS\7 1,CSvVi| (bit 1,<S) in switch 
register (SWR, address i8H) 

CSW 1.C| is set to HS node (i.e. CSW 1 »^,CS;y by initialization 

routine at GAPHIO. 
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□ HS mode (CSV/1CSWO-0) 



1 28(9 J53 ■DBT'ff' 

mai-H psX^ 


AM 


cssi. 
<- 


CHS&R i.5n^) 



CT6 option 

c-DBT'S'g^^^ (in case of 


micro cassette) 


CAM 


CSBL 


At .ES mode, main part works by interface with CTG option througk output 
buffer, input buffer. When main part writes data to output buffer, option 
reads it and oppositely , when option writes data to input buffer, main-part 
reads it. The handshake is done by OBF(output buffer full), IBF ^nput buffer 


full). _ _ _ 

CDB7^^, CA30f CSB, CWB, CCS etc. are sent from option side. When main part 
writes data to output ljuffer, it becomes a command in ease of ABQ*1, a data 
in case of ABOh). Then AB{) balue is taken by F^, one of stat us f lag and this 
is seen by status read from option side. In spite of 0BF*1 , CITO><P at the 
same time amd then. Interrupt request to option generates. About 05F value, 
it can be seen by status read in both main part and option part.(But in the 
main part and option part, OBF, IBF is opposite each other aind OBF in view 
of main part is IBF to the option part). On the option side, it can be known 
that data is written from main part to buffer by Interrupt or status read. 

The data is readable with eomma nd/data flag FlQ. When option reads output 
buffer, it returns OBF*^, CIT0*1. Option reads data of output buffer in 
case of CABO'l> 

Oppositely, when option writes data to input buffer (no distinction between 
command and data about write from option. So, CAB$ value is considered as 
and it is promised to be 0) then it becomes IBF«1, main part reads input 
buffer after.Investigating the value by status read. After readeing input 
buffer,it returns IBF«^. It reads data (input buffer) from main part in 
ease of IBF*^ and reads status in case of AB^»1. At ES. mode, CAB1 is not 
address, it's general input from option. This CAB1 value is readable as a 
part of status from main part. Further, at HS mode option, CSBL must be pulled 
down as it becomes 0* I 
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□ 10 mode (CSiY1«0, CSW^-l) 



10 mode consists of 4 bit output port (CDB7^4} and 4 bit input port (CDB3~0). 
Output side consists of 8 bit latch. (CIOS, cartridge 10 mode register) and 
to the Input side without latch, value of C0B3~^ terminal is entered as it 
is. 10 address is 1C)H. 

When data is written 19E address, content of data bus 8 bit is written to 
CIOS. Higher 4 bit output from CIOS connects to CDB 7^4 directly, but lower 
4 bit output does not connect to anywhere. When data is read from lOH address, 
value of CDB3'’0 terminal enters directly as data bus lower 4 bit and value 
of higher 4 bit from output buffer enters as higher 4 bit. That is, output 

port value of* higher 4 bit is reada ble by Bead. _ _ 

At 10 mode, it is CS£L*1. Further, CCS, CABI, CAB($, CWB, CSC etc. are high- 
impedance and besides they are input. Accordingly, they must be pull-up or 
pull-down as they becomes inactive . SI79 output is 1.Flag is not usable at all. 
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C-DBT-S 


□ OT mode (CSV/»1, CS7/(?«1).' 



DST-a 



OT mode consxsts of 8 bit output ratch. Output buffer address (GOTH, cartridge 
OT mode register) is l4)H and when data is written to 1$H ,contenrt of bus 
transfflltts to COTK and simultaneously, It becomes to output CDB7~^. 

When reading IQS add ress, COTB content s I s read. At OT mode. It must be 
CSEL 1.Further, CCS, CAB1, CAfi^, CWB, 5SS etc are hlgh-lmpedance and besides 
they are Input. Accordingly, they must be pull-up or pull-down as they becomes 
Inactive. CITO output Is 1. Flag Is not usable at all. 


OT mode OT address space 


1 %aAArMa 

n«m« 

VI 6 S f 3 2 1 S 

E 

i 

19 

CSTR 

( eoataat'of output port ) 

11 

’ .unua^d (aeeaaa prohibitad) 

12 

13 

w 

A 

1 

T 

E 

15 

COfR 

8 bits doic. 

11 

uauaad (aceasa prohibitA) 

mm 

18 


note: 2eglster, CHSpH, CIOH etc are the same thing pnyslcally. 
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A mode must be selected always through 
E5 DOde as stated above. The relation . 
flmn ng each mode can be described like 
the figure on the right. Initial set 
values of output port of 10, OT moae 
option are described In the specification 
of each option,but they are generaly 
considered equal to the value acquired 
when 13H Is read la DB mode, (refer to 
the specification of O-MODEM option 
for PIKE.) ■ 


□ Flag (IBP.OBF) 

IBF, OBF enter a reset state by a reset input. For example, when power is 
applicated, IBF-5, OBF-Q. Set and reset conditions are already described. 
IBF and OBF are always in a reset state in a mode other than HS mode. 
Ilierefore, when BS mode is established from another mode, IBF, 0BF*0* 
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2 . 3.3 HS 232 interface | 

HS232 interface is a serial interface and it is com posed of 7 signal lin es; 
HSXD, RTXD (transoit-receive lines) 5CD, RCTS, RDSH (control input) RRT3, 

RD^R (control output). RRXD, RTXD can be connected to ART through the serial 
switch. To get detail inf o rmat io gs on RRXD, RTXD, refer to 2.3.5 (serial 
switch), 2 . 3.6 (ART). RCD,R(2T3, SSS5 can be read respectively as bit 4 ,. bit 3 
of lOSTR, bit 7 of ARTSR. The negative logic is applied to these pins while 
the input of data read in the main device is based on the positive logic. 

So the value reverses, i.e. if the value of a pi n is 0, 1 is input in the 
bit of the corresponding register. As far as RCT^ concerned, this rule is 
not necessarily valid, depending on the values of SSW1, SSW0 (serial switch). 
Refer to 2.3.5 to get detail information on this matter.(If SSV/ 1, the ruxe 
is valid for RCTS like the other pins. If SS7/1«(), the value of t he bit of the 
corresponding re gist e r is 1 independent of the pin value of RCTS.) 

The output pins RDfl, RRIS are respectively tne reverse of the bit 3 ^d of 
the bit 3 of ARTCR. If 1 is written in tnese bits, the pin value becomes 
The pin values becomes 1 by initial reset. 

to input register from output register I 



fii232C 


□ Polarity of HS232C 

The polarity of each signal of HS232C varies among the read from a register 
in the " a ip device, the pin value of the gate array and the value in the 
connector. The following table is put in order to make tnis confusing matter 
clearer. 


•sisaal 


pia of GAPHIO 
poliSrilf 

conatetor • 
polarity 

vsQ.ut of a ialti 
rtset, eorrespdn 
bit. correspond!.. 

RHXB ReCKiM. *1)^ 

T *1 


mf> 

Potitiv* 




KTXv 

RRTS fiafueJU-Jutd, 

mcK 

S Podtiv* 

|\ 1 Ay. 

RRIS 

Positivt 

Ntgttivt 

8 1 AV 

RRTS 

PotitM 

S . 1 


ARTCR 

1 Positivt 

"mR 

Nt 9 itivt 

RT>TR 

Positivt. 

5 , 1 

KCTS Cfw,T«-^5tneL 

idSTR 

S POtitWt 

las 

- 

iwttnivt 

RCTS 

Positivt 


RDSK BdASa Rady 

ARTSR 

7 Poiltlvt 

Im 

Ntgttivt 

FOSR 

Positivt 


RC& CvOMt -PtU^ 

lOSTR 

^ PwitW* 


Ntgttivt 

RC-0 

Positi^ 



note: PRvti ean be read as bit 3 of lOSTR if SSWI-I, refer to 2.3.6 
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2.3*5 serial switek (serial selection circuit) 

PINE has 3 serial Interface; SS232C, 5X0 (serial 10), SXO of 5X0 (serial 10 
of the cartridge). The serial selection circuit has function of selecting 
one Interface among these th\ree and connecting It to APT (8251 compatible) 
tne selection Is performed through the selection bit 5SW1,^ (serial swltcn 
1 5WB bit 3*2.), The following figure and table summarizes respectively 
the block chart of the serial system and the relation between 55W1,^ and 
signals. 



CT6r 

61 ( 3 ' 




aerial soda 

SSVl 

6S/I/S 

RX€ 

r<f> 

RCTS 

Q 

51 

8 

(era ) c/?x£) 

(crar) 

crrxD 

7 

I 

8 

1 

(51(9-) SRX£> 

(sra) 

STAB 

1 

2 

1 

8 

(RS23ZO RRXB 

(K^222d) 

RTXB 


3 

1 

1 

(RSZSZC) RRXB 

(Sia') 

srxB 



Serial mode 4 is a special mode wnich Is Intended for receiving from SS232C 
and transmitting to 510. 

Each slgnalof CTZD, STXD and STXD is in a High state (Mark signal) when no 
selection is being made. 

When power is applied, the select bits SSWI,^ does not enter a reset state, 
i.e. they are-unsettled. So it is necessary to set tne select bits correctly 
before use. (The serial mode ^ is set by the initialization routine described 


in 2.2) 
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iZl._ Hegister descriptions 

(1) AHTMR AET mode register (15H) .... corresponds to 8251 

mode instruction dont care 


•D7 


S 4 


3 2 1 S 


S'llfPj\^|sV£N PBNW^^-DArA 





dent cure. 


STOP-Number of bit 

fs 1 2 bits 

1 iJit 

-Parity Even or- Odd . - . valid only when PEN 1 

/ a 1 Even 

\b 0 Odd 

PEir —Presence or absents of tne parity 
fal Presence 

I . Absence 

DATA-Data length (parity bits escluded) 

f-1 a bits 

l«0 7 bits 

(Different from 8251) 8251 has 3 stop bits (1,1 14 ,2) and 4 data lengths 

(5»6,7,8)* 8251 has 2 modes (synchronous and asynchronous modes) while AST has 

only one mode (asynchronous node)* As for the baud rate facter, 8251 has 
1 , 1 / 16 , 1/64 while ART has only 1/1 6 fixed* 




(2) ASTCB AI{T command register (16E) * * * * corresponds to 825J command 


£>7 6 

S 4 

3 

2 

1 


NX 

RRTS IR 

sm 

Rxe 

xm 



instruction compatible with the correspondent bits of 8251 
command regi ster 

BSTS,fiDTB ..** When BRTS,RdTB are nigh, output pxn valve becomes $ 

(refer to 2*3*3) 

EB **** Error reset* It resets OE,Pn,PE* When BXE«1, Let EB be 1,too. 

SBBK ***• Break output* This charges TXD forcibly to i^* Valid when 

XEEH. 

BXE *..* This makes ready to receive 

TXE .... This makes ready to transmit. TXD»1 as long as TXE-i^ 

-note'only EB is pulse signal. Wheli EB 1 is written, the pulse is transmitted 
only during writing. Therefore, it is not necessary to return ER*0 


(different from 8251) Bit 7,EH of 8251 is for synchronous mode. So ART | 
has not it. aBT has not bit 6,16 (internal reset) ,nel.tner. This is applied I 
in 8251 in order to convert mode Instruction into command instruction, but .{ 
aBT h-#a no need of it because different addresses- were assigned to tne command 
register and mode register. Remember to let TXS and RXE be both $ before I 
rewriting mode register. I 
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(4) ABTDOB ABT data output register (14H) .... corresponds to 825^ 

07 S £ ^ 3 2 1 transBitte? 

i 1er8b:ti ddo^ 

buffer. Data will be transmitted from TXD after parallel-serial 
conversion. If the data length is 7 bits (data-^), don't care 
bit 7. 


(5) ABTDIB ART data Input register (14J .. 
j?7 6 S 4 3 2 1 

l9i, 3 bits >6e.ta. 


.. correspond to 8251 receiver 


buffer. Data from BXD will be taken in after parallel-serial conversion. 
If the data length, is 7 bits, bit 7-^. 


j rn TransBlt-receive format 

The transffllt-reeelve band rate of ABT is 1/16 of the clock signal TXC,BXC 
generated, by the baud rate generater In CAJPHII. The naximum frequency of 
TXC, BXC is 614-4 KHZ (3d.4K z 16). l.e. the bauds can be extended until 38.4K 
bauds. 1i)<9 baud for ABT only. Transmit-receive data are transmitted and received 
in the foilwing order. start bit DataCLSB MSB) Fancy bit Stop bit 
PEN, DATA, STOP values and data format are as follows. 


Format 

PEN OATA stop 1 2 Z 4i S S •}» ^ 10 n iz 

S 8 S 1^1 8 1 2 3 4 .s 6 |STP 

Q Q 1 |SrT 8 1 2 34 SS siPSTP 

8 1 8 |fn|8 1 2 3 4 f f 7|siP 

8 1 1 IsttI a 1 2 3 4 s ff 7 IsirjdTrj 


STT - Start bit 
STP - Stop bit 
P- Parity bit 
8-7 - Data, bit 8~7 


t 5 a 


S I 2 3 4 f srPlSTP 


I a 1 |3TT| 8 1 2 3 4 F ^ I p \STr\STr 

1 1 8 IsiTltf / 2 3 S S 7\P |grP 

1 1 1 |stt| 8 12 3 4 s s 7 \ p lir/lsrp 


Data direction 
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Hardv/are 


This chapter describes the circuits and input-output pins in the gate array 
GAPNIO as well as input-output AC ch 2 u:acteristics. 
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5.2 GAPNIO input output pins 

GAH^IO >^ag 66 input output pxns mounted, in a pins flat package. The function 
of eack pin is as follvs. (.Total number of the pxns is 7^) 4 power lines include 


PIH 

Pin No 

DIRECTION 

FUNCTION 

AS 

» 

■■ 

input 

Address bus lines. Lower 4 bits of Z8i) address bus 
For decode of 10 instructions 


1 

input 

Chip select. 6APNIT generates after decording 
addresses. It is selected in ease of 

Aetiwe low 

087-^ 

8 

bidirectional 

Data bus lines. Data bus lines of Z80 

WBB 

1 

input 

Bead pulse. Transaitted froa GAPNIT. lOBQ of ZdO 
and BAND of BO. Negatiwe logic. 

WSS 

1 

input 

Write pulse. Transaitted from GAPNIT. WR pulse of 
ZBP is cut in a part of edge within GACTIO and 
> it becoaes tain and then it becoaes lOWB with 
lOBQ, HAND. Negatiwe logic. 

JB 

1 

input 

Beset input 

BBS? 

1 

output 

Beceiwe ready. This becoaes Low when data is set 
in the reeeiwe buffer of ABT. 

TXC 

1 

input 

Clock for serial transaltter. Used in ABT. 

fiXC 

) 

input 

Clock for serial receiver. Used in ABT. 

LS02'9 

3 

output 

Output for LED 

SP 

1 

output 

Output for apeaker 


8 

output 

Data output for printer (centro-lntarface) ' 

PsS 

1 

output 

Strobe aisnal for printer. Negative pulse 

p5ii 

1 

output 

Initialisation signal for printer. Nesative pul«e. 

pSrS 

1 

Input 

Signal which indicates error state of printer.If 
P£8R«0f it neans error state. 

PBST 

■ 

input 

SiSMl which indicates busy states of printer. If 
it Beans busy state. 

CBB7«^ 

8 

bldlreetioanl 

Data bus lines of cartridge interface. 

CCS 

1 

bldiroetional 

Chip select signal to cartridge. Input in HS bc: 
Output in DB node. In DB aode, it becoaes low Ic. 
tOH^ 13 B. 

cabi 

■ 

bidiroetionnl 

Address lines of cartridge. Address output in D5 
node. General input in HS node. 

cab4 

■I 

bidirectional 

Address lines of cartridge. Address output xn OB 
node. Address input in ES node. 


1 

bidirtetional 

trrite pulse of cartridge, output in DB mode input in 
BS code. 1 


■ 

bidirectional 

Bead pulse of cartridge. Output in DB mode input in 
BS sode. 

€93 

1 

input 

Beset signal to cartridge. 

C3SL 

1 . 

output 

Judge input of cartridge. ^ aeans BS aode option. 

1 aeans any other option exept HS aode option or 
no option. 

CITO 

■■ 

putput 

Interrupt request to cartridge. When it is written 
to output remoter in BS mode, it becoaes Low. 

CAUD 

■ 

input 

Audio input from cartridge . Wnen ADS‘J7 of SV/B is set 
to 1 and SP of lOCTLB is set to CAtJD signal is 

. output froa SP terminal. 

CTXD 


output 

Serial data output to cartridge. 

CBXS 

1 

input 

Serial data input froa cartridge. 

SSXD 

1 

input 

Serial data input froa SIC. 
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3.3 Descriptions of the circuit block & AC characteristics 




As the block functions are already illustrated in the chapter 2, 
and AC characteristics are described in this section. 


tne circuits 


3 . 3.1 Address decorder. 

The address decorder decords CSIO, AB3-.^ and generates write pulse and read 
signal. INHFF in the following figure is FF for an initial reset. (Refer, to 2.2' 







Address decorder 


iPtF O 

ib'uk Q- 


X * x< 


-»wrtNx iiocnm^') 

-►wijwx raii'/fA') 

■^Wieux (/4RTCRA) 

(AKnoetK tst/TOYa) 
(cjorSPK . ere A) 


■♦wiaA/XCTd (cta-aS 

(087-a fi xfyajaif'B'AS 


-* CSpDWX 

^|/| If Input data .\ 

(1 selector / 
SIS J 

(^xwrA) 


IHHFft 


f 


PS D- 



• The foilow^g figures show the tiiaing which allows data to be read and 
written correctly. 


PcmL 4 


cm,' 

4B3A-a 




n 


"as 


I ZSn 




Write 4 

csjU 

ibwp 

{>B7^S 


_1 1 

1 

\ 

1 

J ■ 

! 



vn«/l 




"Sfln 


> 




IhtA 

3dn 


35n 
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« IS High 

I- 05F aad IBF are in a reset state. 


AC cHaracterlstics 


idWP “ 
CW/*? “ 

CDB7-S 

(cpzr 

CTBXTiiy) 

dSi? 

ASJ'^ 


lORh 

7^ 


I 


I 

i 


rrP28/IS ITtF'26.SS 
fwi;e4ai) I (1MX37.8) 


iTTr2f.4tf 


•nf,* ?“ 

fwse ' 
ie-4*) 




Tff 


\rfi_ 


iTtJ 




/y,>/ 


‘m-.i 

4 

cPV 


{■mA363fP) 


) 






i 


_ I _ 

3!: 


. Tr/> i, >Tr/»' 


1 ^ 

A> 






I 


'21,58 


I 


X 


JTTW. 


(Th,s relation between CSIO,AS3~^ 
aind CCS, CA31/t^ is tbe sane as 
write state on the left) 

»Values depending on options. . 
Max 33<^ when ZSO 3*68 MEZ 
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(5) Flag 

Set reset conditions of I3F (output buffer full flag) and I3F (input buffer 
full flag) are sbotm in the folloTTing figure. 


•I' &BP 

'—iiof 


WI8NX 


6 


CKO* cAsa • 
R? • 
RS • 




RfflNX 



wIONX .... Write pulse to address auaber IQ. Negative pulse' 

3I0NX .... Head pulse to address number IQ. Negative pulse 
Ss .... HS 1 in any aode other than handsnake node'. Both OEF and 
IBF are reset., 

_i... Write pulse from cartridge 

CHD.Cl^.. Head pulse to address number Q from cautridge (CABQ-Q; 

(6) Equipment address setting on CTG option side 

• I 

In case of a option other than HS mode option, it is necessary to set the 
equipment address of each option in CDB7 4 according to IJH Head aaae by the 
main part, after setting DB mode, as for 10 aode and OT node option, CDB7~4 
are output ports. When 13H is read, the value is decided by pull-up or Pull¬ 
down of CDB7~4. (Pull-up 1, Pull-down Q). On the main boad, however, CDB7-0 
are all pulled down by IMA. So, without any treatment, CDB7-Q will be all 
QQQQ. That is why it is necessary to treat the option pulling up or down with 
a resistance of about IQOKA according to the equipment address. 

Such is valid also for DB node option. The address number 13H cannot be used 
as data input. 
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(2) Tran 


ttsr circ 


t (transmitter buffer, parallel-serial converter, 
parity generater) 



.Figure 1 


The tran3mj.tter circuit is composed of transmitter buffer (AF.TSO?., 14H), 
parallel-serial converter and parity generater. The transmitter is 3 bxt 
ratch. Data is written in the buffer by iirritten to Ihg. It is necessary to 
confirm by checking TnSDI that the buffer is empty, before writing. '.Vhen 
data is written in A2TD0S, TnFDI becomes OBF becomes 1. Thus, if the bit 
counter is in state, the transmission starts. If the bit counter is in a 
state other than BO state,i.e. if it is transmitting precedent data, tne 
buffer begins to transmit tae data newly written omly wnen the transmission 
of precedent data is ended and the bit counter enter 30 state. ' 

(A) First of all, tne contents of ARTD05 are loaded in parallel-serial convert 
The initial value is set in the parity generater and start bit (0) is i 

output from output JTF. At this moment, TxRDT becomes 1, which means that a | 
new data can be written to the transmitter buffer. In case that the data | 
length is specified to be 7 bits, MSB of ABTDOB changes to 1 at the OP gate 
and is loaded to prallel-serlal converter. Tne initial parity value is 0 
with even parity and 1 with odd parity (BO-^Bl) 

(B) When the next shift clock starts,parallel-serial converter will be shifted 
and the SOUT value (DO) is output from output FF. In thh parity generater, 

the initial parity value (DO) is calculated (B1-*'32) 

(C) D1, D2, D3» D4> 06 and D7 will be shifted out one after another 

(untlll D6 in case of 7 bits), at the same time Initial parity value0D(s® 

D1©D2@D3(SZ)4. • • • D7 is calculated in the parity generater. Parity bit means 
the result of this calculation. 


TITLE 




EPSON CORPORATION 


SHEET NO. 
REVISION 


NEXT SHEET ' 

■ 43 42 




(3) Transmitter control circuit (timing counter, bit counter; 


CK Sdt 

30 sample 
CKeBF 

OBF sample 


timing counter 


bit counter 


TSM 

m 

‘XLKToe 


rsN —4 ___ 
mA —5, sfii 
aw —Hi. 

Tsm —*• r“» we 


T«3 I I r I_! ! ! 

TOC I - 1 ' f - 


SFTCLK 

> shift clock’ 

(to parairel-serial 
converter) 


I shift clock I 

The timing center is used to generate timing signals' i^eh serve to control 
each section of the transmitter part and is 4~^its he:»deeimal free running 
counter. This counter is also reset by a reset. The clock signail which ls.l6 
tinmes quicker than the baud rate is suppled to TXC. The baud rate is generated 
in the counter and is output as MSB output (TQO). This baudrate signal serves 
as standard clock for the transmission (shift clock for the paradlei-serlal 
converter). The role of the bit counter is to count transmission bit. It is 
renewed every 1 bit shift-out. This counter is -composed of 4 bits FF, but not 
free running counter like the timing counter. It counts from (0009) to (Total 
transmission bit number -1) and returns to 0, For example, let's think of a 
unit of transmission bits whose components are; data length 8, parity present 
stop bit 2. The total bit number is ; start (1)f Data (8)*^ Parity (1 )*t stop(2)- 
12 bits. In this case, the counter counts up till (1<$11) and return back (0000), 
When the counter has no transmission data, it remains (0000) even if the clock 
signal arrives at it. It starts counting up just when data is written to ASTDOR 
from the main part. l.e. a(OOOO) state created by a reset input till when data 
will will be written in ARTDOR. From now on, we'll use an abbreviation like 
the following example, (0000): B0> (0001): B1, (1011): B11. Three distindt 
signals (OBF, T5IT1, TBITQ) serve to control the up-date of the bit counter. 

OBF (output buffer full) is the signal that indicates tne presence of data to ' 
be transmitted within the transmitter buffer (ARTDOR). Every time a transmitter 
is over aind the bit counter returns back to 30> OBF is checked If C3F-1, 
trsuasmissions continue. If CBF-0* BO remains till 05;^ turns to 1. T3IT1 and 
T3IT0 >5.-e the signals that indicate the total transmission bit number. These 
signals ccnt.-ol the rot-urn timing tc 30 after transmitting ho-sr many bits. 
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r~1 Relation between mode register values and total transmission bit number 




bit " ' 
•STOPfnuaber. ’ ) 

I Parity i 

“D/4T/4(tlengtJi) 

-‘Jotalljlt 

nuffloer 

T5IT1. 

tf:T(P 

s 

( t ) 

a 

a 

( 7) 


s 

8 

s 

(’ ) 

$ 

1 f B ) 

18 

8 

1 

a 

( t ) 

1 

s 

(7) 

I8 

S 

1 

s 

(I ) 

1 

1 

( 8) 

11 

1 

Si 

1 

( 2 ' 

s 

s 

(J) 

18 . 

9 1 

1 1 

1 

1 2 ) 

Q 

1 

(8) 

11 

1 ! 

i 5 

1 

( 2 ) 

1 

5 

n) 

11 

1 

! s' 

1 

( Z ) 

1 

L_L 

(8) 

• 12 

1 

1 


TBIT1 and TBITQ can tell how many 1 numbers are there among STOP, 

indicating it in binary scale (Full Adder).' 

... . . 


PEN and DAT_ 


STOP 

PEW 


JJ A. 


A 

Cgat 

B 

2in 



TB1T1 

T52Ta 


tbit 1 • 5r<?P • fEW T x>/4T/4 + m/4 'PBH 

^ tbit & S ST&fQ> P£W © -OAJP 


the lower two bits of (total bit number 
from (^,^,^,<?) to (l,0,MIT1»raiT®) and 


That is; TBIT1 and TBIT$ occupy 
-1). i.e. the bit counter increase 
return back to (0,'$,0,$). 


|| Relation between mode register value and parity output timing (Refer to 
I figure-4, too) 


PEN 

fiAT/4 

Parity output 


a 

Nothtag 

s 

I 

Nothing 

1 

a 

Bf 

1 

1 

B/9 


As serial output T2D is delayded of one stage by FF, the output timing 3P is; 

BP - t mA- g? ) 

» PBN • fle • ‘Ss * ( ♦ 07 + mA • ) 
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n Transmission timing in each, mode 




(V 


Ot() 


OS) 


(11 i. 


m 


(ID 


(ID 


(in 


\ Mode 

^iSP 

8 

s 

8 

s 

1 

I 

1 

1 

3i\ 

PE>l 

■ 8 

(S 

1 

•1 

s 

a 

1 

I 

counX 
ter \ 

t>/lT/l 

j 9 : I 

5 

1 

s 

] 

8 

1 

59 


Siaf 

Stef 

ittff 

Sief 



Sio-f 

bi 

>5t«^ 

St»iX 

StdJtt 

Sti/it 

SUtt 

sifttf 

^f<nr 

1 

stwiT 

B2 

^>4’ 


OS 

OS 

OS 

PS 

PS 

PS 

•63 

•Di 


01 

PI 

01 

01 

01 

01 

64 

•P2 

HZ 

M 

02 

02 

pi 

02 

02 

B5 


HZ 

03 

OZ 

OS 

OS 

OS 

OS 


^4 

•04 

<>4 

04 

04 

04 

04 

P4 

\ 

b7 

ifs 

OS 

^>3- 

OS 

OS 

OS 

OS 

OS 

B8 


Q 

0^ 

pi 

oi 

06 

06 

06 

61 


f>7 

a 



IQII 

B 

P7 

619 




p 


Step 

Sfaf 

B 

611 

1 









Stop •••• otpp 
DO '.datit 

? parxty 


f 


tlgOf -fc 
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'si') Receiver ccr.trcl circuit (tiding ccur.c. 


ecu:: 


er) 




ticin* counter 


fm- 

/&C- 

fiS- 


B^r 

l_j^ 


10a 

tOs 

TOe 

Tfl® 


esrf(i»- 

EfiiOir 


■^BeWCLH 

■^Bi76ClX 


bit counter 


/ceira- 


^ B£“ 
/»!• 

L-S 


-)• 5S 



-— ' ;c 





1 TT 

i 

_ f • 


_r 






SOTCLK 

cm>) 




’Sizing counter Inspects'a start "oi't 6t receiver data and aaltes a center tising 
signal for data sanpling. If receiving data becomes $ by noise, after naif a 
bit, it cnecks a start bit once again and It bas function tc ignore a illegal 
startbit. Furtber, It makes necessary timing signal at otner receiver parts. 
Timing counter is made of k pieces of ?F and generally it returns to ^ after 
counting i|M5 . (but exept start bit, stop bit).- Accordingly, T;i of MS2 output 
becemes baud rate. Bit counter is a counter tc count receiving bits of received 
data and it counts up at T^ output start of timing counter. Starting up of TQ 
becomes a center of bit and tben it becomes a shift clock of converter. 

Bit counter is made of 4 pieces FF and it counts up fi.om Q every starting dorm 
of T^ and rhen it amounts to (total receiving bits-l), it'returns to 9. 

Before structure of receiver control is explained, it is described about total 
number of receiving bits. Originally, total number of received bits means 
(start bit l)*f’(data, 7 or 8)-t-(parity bit, 0 or l)-h(stop bit, 1 or 2) but 
here above formula* That is , in case of stop bits 1 or 2, it is alcrays consi¬ 
dered as 1 and therefore in case of scop bit 2, tbe 2nd bit is ignored. Seceivsr 
control Cl., cuit morks on tne premise that stop bit is altrays 1. Framing, error 
is checked at the first stop bit only and then it enters to the mode to trait 
the start bit of next data. Here, the stop bit of the 2nd bit is ignored and 
then can be synchronized by the start bit of next data and It is received 
correctly.Thus, if the stop bit is considered as 1, the received action trorks 
correctly and the circuit become simple in this rray. 

BBIT1, 5BIT0, input to bit counter means total bits number as the above and it 
decides tne timing that tne bit counter returns to Q. BBIT1,9 is calculated by 
PZH, Data of mode register and it becomes like Table 2. Hereafter,, it is exprssse 


counter is 9 and tnen it's expressed as tne 31 
Timing counter also is expressed as the T9, 11 T15. 


.319, 
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|~~| Beiation between register and total received bit nunber 
Figure -5 

I PEN I llu^-oer i f^SJTI I R 6 m 

S ~ (.7) I ? S S 

SI _ 1 (S) IS Sit 

1 I g (7; I IS <P / I 

1 I 1 I 11 I y I ~ 

B3IT1 and B5IT0 are calculated through HA (Half Adder)* Notice tnat (1, 
3BIT1, K3IT(5) IS a binary scale of (total bit nunber -!)• 



J 

.A 

- 

P£A/ - 

• 

C 

-/TFrn 

MU - 

S 

s 

-BSiT<9 

(Jim) 


PBITI • 


n Timing signals transmitted by the timing and bxt counter (SFTCLK, BETQCLH; 
BET6CLH) 

';fr>The following example shows the ease of 11 bits in total bit number. 


stitX 


siAf \ SinJ 


J| 

nawt^ ^ 


at ■ gf ’ g3 s» • ar ' Si ■ g? st ; ei ‘BS ■ [""gr" j? 


n / X j * r/ 7's 7 » n'pa m^ts > 

Rxc rjuiTinruviimiir^ 

rOe 1 f ' "I 

Bff I oi 


't 

mirPl*/'i J » ri 7'8 T9»» S s c t’a J a’i 


MfToa.* . 
nruuK^ 
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(7) Heceiver control flag CBXRDI,FE,OE,PE) 


P4R:TY 



■D Q 
CKgi 

H 

D 

r 




BEtBCLK 

IS- - 
EK “ 


(note 1) . 

FF Set-up and Hold of FE Is not assured 

but it makes no difference. ‘’] 


■I'-hHe ai 



Rxt _rLrTJTjnji-nj“LnjTnji^^ 

-- Bt - 


79a 

SETTCim 

SEWCLK^ 


Bxm- 

PtM. 

BE 


( RXKiY 


m tne flags of FE,'PE', OE and" fiiBEX' can' be reset by a reset input or EH 
(error reset) command. 

mxenlbyte data xs Input, parity error and framing error are cnecked according 
to tne T6 center t' ^atin g of tke end cycle of the bit counter BE. (It is with this 
timing tnat the 'data is taken in the receiver buffer). HXHD7 is reset according 
to the T6 end timing. 

Ihls lag of set timings between P£,£^ and BXHD7 Is designed intentionally In 
order that fS and OE values be guaranteed when HI-aDY-l. If they are set^at 
the same time, a race ■will be produced between them. CPU reads aHIDIH of 143 
after having confirmed that RXHUI=1. RXHDI is reset by this. In case that tne 
receiver buffer AHTDIB is not read since BZSD7 passes to 1 by tne time when 
the stop bit of the next data will be input, a overrun error flag is to be set. 
FE and PE are renewed every time data is received wnile OE, once set, is not 
reset until EH command reaches it. 
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ii.Soecificatioas of Gate-Array devices 


(1) DC specifications 


(2) Logic circuit diagran 

(3) Seal diagram 

,(4) dut:7ord fora design 
(3) Pins disposition diagram 
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[ 

i DC ckeuracteristic 


VDD= 4 .< 9 ~ 6 . 5 V, VSS= 9 V 
T0P-fl)~7Q *0 



ITEM 


SII-30L 

condition 

— 

staitdabd 

UNIT 






MIN 

A’/EBAGE 

MAX 



POIVEB CURHENT 

• 

IDDS 

note 3 

STATIC STATE 

9 


9.91 

mA 


OUTPUT TEIISIO:! 

H LE’/EL 

VOH 

sA 

IOE=-0.4 

m 

m 

'/DD 

V 



L LEVEL 

VOL 

XOI^SsA 

vss 


9.4 

V i 

s 

• 

H LEVEL 

VIH 


2.6 



V 


lEPUT te:i3Ic:i 

L LEVEL 

VIL 

• 



9.7 

V 


irPUT LEAK CUBEEirT 

ILI 

’■n= 

OV^VDD 

-IQ 


19 



INPUT LEAii CUBBENT 

ILZ 

-IQ 


19 



Mte 5: yiH VDD-^3Vr -VIL^VSS $.3V 

On the condition that TOP*0^50*C 

note 4: In case of try-state input. 


1(4-2) Logic circuit dlagraa 


Annexed design (M362Hn4 Logic circuit dlagraa DHA'J DaTZ 839526) 
23rd June 1533 
Ell^iSIOi: inJi'SSH 335.^9 
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PIHB OPTIONAL CARTRIDGE 


Universal Cartridge Specifications Booklet 


Applications 

This specifications booklet is to be used for the 
universal cartridge which is an optional cartridge 
for the Pine. 


Contents 


Applications 

Outline 

Connector Pin Arrangement 
Explanations of Various Pins 
Explanations of various Modes 
Setting Modes 

Explanation of Serial Ports 
Precautions for Creating Interfaces 
Dimensional Diagrams of Circuit Boards 
Precautions Regarding FCC Regulations 
States and Europe) 


(United 


EPSON 

EPSON CORPORATION 


TITLE 


CONFIDENTIA 










2. 


Outline 


The Univecsal Cartridge is a multi-purpose cartridge 
for use with the Pine* Throu9h use of this cartrid9e 
the user free to install other electronic equipment. 
This cartrid9e is to be used for creatin9 trial 
versions of optional cartrid9es accordin9 to wiring 
arran9ements. 

This specifications booklet specifies the necessary 
interfaces with the Pine mainframe and exterior 
dimensions when the Universal Cartridge is being 
used. 
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4. - Explanations of Various Pins 


GND: Pin 1 
GAUD: Pin 2 


CDBO: Pin 5 
" 1: H 

• 2: i: 
" 3: 2' 
"4: 3 

• 5: 21 
" 6 : 2 ' 
" 7: 2: 


This is the +/-5V ground. 

This is digital audio signal output which 
is connected to a piezoelectric beeper. It 
can be used for general purpose output and 
can be used for reading as bit 7 of I/O 
Port 16H. 

When in the Hand Shake mode (will be 

referred to as HS mode) these function as 
data bus input output on the cartridge 

side. When in the Data Bus mode (will be 
referred to as OB mode) will function as 
data bus input output for mainframe side. 
When in the Output mode ( will be referred 
to as or mode) will function as input for 8 
bit port input. 

When in ’ the Input output mode (will be 

referred to as 10 mode) COB 7 - 4 will 

function as input ports and COB 3 *■ 0 as 

output ports. 


CRO: Pin 4 


Outputs read pulse to the mainframe when in 
the HS mode. Inputs read pulse from 
mainframe when in OB mode. 


CITO: Pin 6 


CCS: Pin 7 


This is only used in the HS mode. It 
becomes 0 when the mainframe outputs data 
or commands to the output buffer and 
transmits an interrupt request to the 
cartridge. It changes to 1 when data is 
read by the cartridge. 

When in the HS mode, this is used for chip 
select output from the cartridge. When in 
the OB mode, this is used for chip select 
input to the cartridge. It is not used in 
the OT and 10 modes. 


CRS: Pin 8 


This is responsible for preset input from 
the mainframe. By outputting data to bit 3 
of I/O port 19H those values are output 
from the mainframe. This can also be used 
for general purpose input. 
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CWR? Pin 2S 


When in the HS mode this is used for write 
pulse output to the mainframe. When in the 
DB mode, this is used for write pulse input 
from the mainframe. 


RS: Pin 28 


VB2: 


Simultaneous to being supplied to the CPU 
of the mainframe this is used for reset 
signal input. 

This is used for the backup power supply. 
Power is supplied from -t-SV when the 
mainframe's power supply is on and from 
batteries or an AC adapter when the power 
supply is off. When power supply is on, up 
to approximately ISmA can be supplied. 
When power supply is off, up to 
approximately 0.5mA can be supplied. 


EPSON 

EPSON CORPORATION 


TITLE 


SHEET NO. 
REVISION 


CONFIDENTIA 






















5. . ' Explanation of Modes 

The cartridge interface can have up to 4 different 
modes depending on the types of optional equipment 
connected. 

(1) HS Mode (Hand Shake Mode) 

This is the CPU to CPU interface mode, used with 
optional equipment containing CPUs and is 
similar to the 8255 Hand Shake mode. It handles 
data through the input and output buffers. 
Control flags (IBP, OBF) are used for control 
during data transmission. 

(2) OB Mode (Data Bus Mode) 

This is the mode in which optional equipment is 
viewed by the -mainframe as normal input output 
devices. Optional - equipment is directly 
connected to the mainframe's data bus and is 
alloted an address area composed of I/O ports 10 
- 13H. 

(3) 10 Mode (Input Output Mode) 

This mode uses a 4 bit input port and 4 bit 
output port system. 

(4) or Mode (Output Mode) 

In this mode an 8 bit output port system is 
used. 

In the following section we will explain in detail 
the various modes. 
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5-1 HS Node 



When in the HS mode, the cartridge is interfaced to 
the mainframe through the input and output buffers. 
When the cartridge writes data to the output buffer, 
it is read by the mainframe which in turn writes data 
or commands to the input buffer which is then read by 
the cartridge. This hand shaking is carried out 
using the IBF and OBF status flags. 

When the mainframe writes to the input buffer, if ABO 
«1 it is a command and if ABO * 0 it is data. ABO 
values at this point are read into FO of the status 
flags and can be detected through the status read on 
the cartridge side. When writing to the input buffer 
is carried out, IBF - 1 and CITO > 0, and an 
interrupt request is sent to the cartridge side. 
(Please note that IBF is reversed on the mainframe 
and cartridge sides. The names shown here are as seen 
from the cartridge side.) 

When the presence of an interrupt (request) or status 
read notifies the cartridge side that the mainframe 
is writing to the buffer, it reads that data together 
with the FO. When the cartridge aide reads from the 
input buffer, IBF returns to 0 and CITO returns to 1. 
When CABO ■ 0 the cartridge side can read data from 
the input buffer and when CABO « 1 it reads the 
status. 
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In addition, when the cartridge side writes to the 
output buffer, OBF « 1, the mainframe checks the 
values through status read and then reads the output 
buffer. When the output buffer is read OBF returns 
to 0. The mainframe is able to read the output 
buffer when ABO > 0 the status flag when ABO « 1. 
(Because the cartridge side does not distinguish 
between commands/data when writing to the output 

buffer, CABO > 0 is used.) 

When in the HS mode, CABl can be used for general 
purpose output from the cartridge side and can also 
be used for reading as part of status function on the 
mainframe side. • 


10 Address Space 


!R/W 

CABO 

07 6543210 



0 

8 bit input data 

IFB«0, CITO-1 

1 



WRITE 

0 

8 bit data output 

0BF«1 

_ 1 




Address Area Mainframe Side 
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5-2 OB Mode 




CD SO-1 


In the OB mode the cartridge is used as a normal 
I/O device and is viewed as a I/O device with a 4 
address area by the mainframe. Therefore, COBO - 7 
ia d irec tl y co nnected to system devices 0-7 and, 
CCS f CWR^ CABO dnd CABl dr6 dXX suppXi6d from 

the mainframe. CCS is 0 for all mainframe I/O 
addresses 10 - 13H and CAVl and CABO correspond to 

the lower 2 bits of the address. Cm!) and CW R are the 
mainframe's I/O write pulses. At this time is 

1 . 

CSEL is 1 in OB mode. 

I/O address space as viewed from mainframe side. 


R/W 

I/O address 

READ 

10 


11 


12 


13 

WRITE 

10 


11 


12 


13 
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Illustration of Cartridge Interface Circuits and 
Timing Charts. 



A31 

A8S 


- - - 

- K ASf 

** CITO is high 

** OBF and IBP are reset 


AC characteristics 


otTT 


•tTi»a.7s iiva-iy 


csai'S 

( 






f»*» ! 
i***) 


"Z.w^ 




c&ia. 

a83^ 

^ _ 








mc 


■pf 




T33?? -(_i 

_ . j 

CAB ^ 



ct)87-c. 

(CTG options 


\mv*t Irerif.a’ 

(SipuCiVT) (W*iSj7/; 



—CPU) 


*• Main : 

I 





(CSXO, AB3 - 0 and CCS, CABl.O 
aca the aaae during write 
as shown to the left.) 


asw IS 3.68MHS, aaxiaua is 330 bi. 
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5-3 10 Mode 


PB0-7« 


Input 
^ ^ {buffer 


.CPg+'-l 

XDBP^S 


The 10 node is composed of 4 bit input ports, 
CDB4 - 7 and 4 bit output ports CDBO - 3. The input 
side is composed of an 8 bit latch while the output 
side has no latch. Instead, values of pins CDBO - 3 
are output as they are. The 10 address is lOH. 

When the mainframe side writes to lOH, data in 
the data bus is written to the input buffer and the 
upper 4 bits enter CDB4 - 7. 

When the mainframe reads from lOH the values of 
pins CDBO - 3 ate output directly to the data bus 
lower 4 bits, DBO - 3, and the upper 4 bits from the 

input buffer enter the upper 4 bits of DB4 - 7. _ 

CSEL must be 1 in the 10 mode. Also CCS, CRg , CWIT, 
CABl and CABO must be pulled up or down. CITO is 1 
and no flags are used. 

10 Address Base As Viewed From Mainframe Side. 


R/W , 

10 address 

READ 

‘ 10 


11 


12 


13 

WRITE 

10 


11 


12 


13 


I D7 6 5 4 3 2 1 0 

j_(content of input buffer) | 

j Unused' 


CDB4-7 

Unused 


CDB3-( 
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lU'ustcation of Cartridge Interface Circuit and Time 
Charts. 


- 





*sr 


4 — 

:^CA3S 
(Or lOOK) 


rao, ^wSr CABl and CABO have high impedance and 

are used as input for the gate array so must be 
pull ed up and down in an inactive state. 

Clf7 is high. 

ObF and IBF are reset. 


AC Characteristics 


e®57*-f 
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5-4' or Mode 





CD6i&'~7 


The or mode is composed of an 8 bit input port 
with latch. The input port address as viewed from 
the mainframe side is lOH, and when writing to lOH, 
the data in data bus DBO - 7 is latched in the input 
buffer and entered to CDBO - 7 simultaneously. Also, 
when reading from lOH, it is possible to read the 

data in the input buffer. _ 

CSEL must be 1 in the OT mode and because 
CABO, CABl, 'CSIT and h ave h igh impedance they must 
be pulled up and down. CllO is 1 and no flags are 
used. 

10 Address Base as Viewed From The Mainframe Side. 


10 address I D7 6 5 4 ' 3 2 1 0 

_10_ Content ~of Input 'b uffer 

11 Unused 

n 1 " 
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Iliuatration Of Cartridge Interface Circuits and Timing- 
Charts 



** CitO is hi g h*/ 

** CCS", 'CIR?, "CWR, CABl and CABO are same as in the HS 
mode. 

** OBF and IBF are reset. . 


AC Characteristics 
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A 'flow chart for mode selection is shown below . The 
device addresses established so far are also shown 
below. 



OB mode settingi 


m 




DB mode 


Devic< 
iddres^-x^ 


10 mode 



( ^No options} 


IBS mode setting 

I 

Input Buffer' 

! . Setting_: 


|^_mode setting 
10 mode 


or mode 

[hs mode ”se11ing] 

■,_L__' 

Input Buffer 
i_ Setting 

[or mode setting] 
or mode 


Device Address 



.7 0. 

Mode option 


HS 

1 

microcassette 

n 

D, 3 :< : 

DB 

ROM cartridge 

i 

i 1 1 

J . -u J 

OB 

RAM cartridqe 

: 1 ' 

11.;' , 

10 modem 

1 ! 

i 

Nothing [ 
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Explanation of Serial Ports 

The cartridge has serial transmission lines CTX6 and 
CRXT which are connected through the ART 
(asynchronous receiver transmitter) in the mainframe 
and also through the serial switch. Serial ports 
CTXO and CRXT are unaffected by mode setting 
explained in the previous section and are used for 
all modes. 

7<-l About The Serial Switch.- 

In addition to the serial ports« the mainframe has 3 
types serial interfaces which include the ISO and 
RS232C. It is the serial switch's function to select 
one of these three and connect it to the ART. To 
select cartridge serial ports, change bits 2 and^ 3 
(SSWO, SSWl) of I/O port 18B to 0. (I/O port 18H is 
also used in mode setting.) 


7-2 


Outline Of ART Specifications. 

Baud rate : 110 - 38.4Kbps 

Data length: 7 or 8 bits 

Parity : No, even,odd 

Stop bit : Bit 1 or 2 

Error check: Parity error, framing error, over¬ 
running 

Sound break: Output possible 
^ Flags : TX ready, TX empty and RX ready 

Interrupt : Interruption by RX ready 
Posseses illegal start bit check function 
IXO can read directly 
Non-synchronized transmission only 
Complete double buffer transmitting and receiving 
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7-3 Explanations o£ Register 


D7 6 
15H write lSTP I x 


I 


5 4 

EVN I PEN 


1 

X 


DAT I X I 


0 

12 


STP: No. of Stop bits 

0: 1 stop bit 
1: 2 stop bit 

EVN: Types of Parity (PEN « 1 can be used) 
0: Odd parity 
1: Even parity 
PEN: Presence of Parity 
0: No Parity 
1: Parity 
DAT: Data Length 

0: 7 bit 
I: 8 bit 


D7 

16H writeTir~~ 




RRTS: Not used with the cartridge 
ROTR: 

ER : Error reset. OE^FE rPB are reset 
SBRK: Break output» TXT « 0. 

RXE : Receiving possible 
TXE : Transmission possible 


In the case of ER only/ during pulse output when ER 
has become 1 it is not necessary to return ER to 0. 
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D7 6 5 4 3 -2 1 0 

15H Read IRDSrIq I FE I OE I PE I TiffiMiRXRDiTXRD 

ROSR: Not used for cartridges. 

FE: Framing Error. Even if framing error occurs, data 

receiving operations will be unaffected and if the 
next stop bit of data is correct FE will be reset. 

OE: Overrun Error. Even if overrun error occurs, data 

receiving operations will not be affected, 

however, even if the following data is received 
properly OE will not be reset. 

PE: Parity Error. Resetting conditions for parity error 

are the same as those for FE. PE will be reset 
when PEN « 0. 

TXEM: This indicates that there is no data in the 
transmitting section. This is set regardless of 

TXE. • 

RXRD: Receiving Ready. When RXRO « 1 interruption INTI 
occurs. This is reset by receiving buffer read or 
error reset commands. 

TXRD: Transmitter Ready. This is set when the 

transmission buffer is empty. It is reset when 
data is written into the transmission buffer. 


14H WriteH 


D7 


TX Data 


0 


This is data that is output by TXO. When data length 
is 7 bits, the 7th bit is a don't care. 


14H Read [~ 


D7 


RX Data 


This is data received from RXD. When data length is 
7 bits, the 7th bit becomes 0. 
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7**4 Transmitting and Receiving Format 

Transmitting and receiving data is transmitted and 
received in the order of start bit, data (LSB-NSB ), 
parity bits and stop bit. 

Data format and PEN, DAT and STP values are shown 
below. 


FEH 7AT STP t i J 4 r i 7 » 1 lO II u 
0 0.0 <*pata^ ni3|sT?| 

0 0 \ |in|i3a rPictal <nS8is7ris77 

0 1 p frrllts CDara) 

0 j 1 (7 at3l 1 W55 |yT;'istf*{ 


0 1 
1 p 
1 1 
0 0 
0 1 
1 p 
1 1 


1t33 Cvi^Tt') 

^S8 wsg) ? jsTfjtrr} 


Sit|!53 


W3|?M . 

msl ? iS7?jttf>l 


STT: Start Bit 
P : Parity Bit 
STP: Stop Bit 


Data flow 
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8. Precautions For Interface Creation 

Please be careful of the following points when 
creating option cartridges. 

(1) Pull Up and Pull Down 

When setting device addresses in the OT and 10 
modes, the device address is set by applying 
pull up or pull down to input connectors €084- 
7, however, because IM ohm of pull down is 
applied on the mainframe side, pull up or pull 
down eunounting to several tens of K ohms of 
resistance will be necessary. 


(2) Precautions For Using HS Mode. 

Of options used in the HS mode, there are those 
that are some that are supported by tae 
mainframe's operating system. It is important to 
be aware of this when creating other options. 
The reason for this is that when the power 
supply to the mainframe is on, the operating 
system checks to see what is connected to the 
option cartridge (it checks the CSEL). And 
because it makes an ID check of the option 
cartridge when an HS mode cartridge is 
connected, an ID check command (00) is output. 
The cartridge receives this command and responds 
with CABl « 1 as the response code (00). At the 
same time it must also respond by transmitting 
CABl ■ 0 as the ID number. Not following the 

foregoing procedures would hang the operating 
system up and it would not be able to start up. 
Therefore, cartridges used in the HS mode must 
observe sequence of procedures. The ID numbers 
which the operating system presently supports 
are, 

08: Microcassette 
09: Printer 

Users who wish to create other options should 
apply ID numbers other than these two. 
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About Device Addresses 

When the power supply to the mainframe is turned 
on, its operating system checks to see what 
kind of options are connected and establishes 
which options will need supporting and carries 
out the necessary processing. This is why it is 
necessary to use 2 device addresses, one for 
devices which require support of the mainframe's 
operating system and one for those that don't. 
At present there are 3 types of device 

addresses. They are 
01: ROM cartridge 
02: RAM cartridge 
OF: Modem 
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9. .PCB Dimensions 
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(including FTZ) 
and Europe) 


10. Precautions Concerning FCC 

Regulations (United States 

1. FCC regulations require that all options to 
conform to regulation values when they are 
installed in the system. 

Therefore^ it is necessary to obtain FCC 
approval each time option cartridges are 
created. 

It is for these reasons that we have samples 
presented before hand of EPSON brand option 
cartridges to obtain approval from our equipment 
design section. Any applications to the FCC 
(FTZ) will be deliberated on before hand and 
actual applications will be made by EPSOM Co. 
Ltd. or an overseas corporate entity. 

2. Precautionary points regarding option cartridge 
design to make clearing FCC (FTZ) regulations 
easier. 

(1) Use C-MOS IC wherever possible in option 
cartridges. 

(2) Use thick power supply and ground patterns 
and sufficiently reduce power supply 
impedance. 

(3) Keep clock frequency as low as possible and 
use a wave form that provides as slow a 
start up and slow down as possible. 

(4) If external connectors are used be sure 
that they have metal cases and connect 
frame guards to the frame guard of the 
mainframe. 
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1. Application 


This specifications manual applies to the Pine 
Digital Multimeter. (Hereon referred to as D.M.M.) 

2. General Outline 

i) The D.M.M. is an intelligent measuring instrument 
that incorporates an A/D converter IC (9775 - Suwa 

Seikosha ), and a 4 bit CMOS CPU (M50760L). The 
D.M.M. is connected to the Pine cartridge Interface 
and transfers data and commands through a 600 baud 
asynchronous serial communications system. Also, the 
cartridge interface can be set to an I/O data bus 
mode and used as a control signal line (Power ON/OFF, 
ROY). With the programming language available on the 
Pine main unit, a program can be made to readily 
control the D.M.M. and an automatic measuring system 
can be set up. 

ii) The D.M.M. is composed of the following: 

. Case 

. Size AAA batteries x 2 
. Substrate (circuit board) 

This specifications manual applies to the use of the 
CPU including firmware, and the electronic circuit 
board on which it is integrated. 

iii) Installation and removal of the D.M.M. unit should 
only be carried out when the power of-the main unit 
is turned OFF. If the unit is connected or 


disconnected while power is still OH, proper 
operations of the unit cannot be guaranteed. 
Additionally, the D.M.M. unit should not be connected 
or disconnected while the input terminal is connected 
to an object being measureo. 
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1-2 D.M.M, Configuration 

A general configuration diagram of the D.M.M. 
shown below. 

1. A/0 converter IC 

2. Pine connector 

3. Photo coupler PC-817 

4. Oscillator 

5. Measuring terminal 

6. Integral time selection switch 




CDSd(5} 




C'W-DCsA) 


+504) 


MS076'&L 




nj_6 


The Pine main unit and the D.M.M. is completely 
insulated by the photo coupler. 

The measuring terminals are ' V, OHM, and COM 
terminals and the resistance measurement terminals 
are OHM and COM, while the terminals used for 
voltage measurement are V and COM. 

The power is supplied with 21.5V AAA sized 
batteries. 

An integral timing switch is included and can be 
found by opening the battery box. 
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1. System Description 

The Pine is designed for the D.M.M. to be one of the' 
options to be connected to the cartridge interface. 
The D.M.M. is designed to communicate by the cartridge 
serial interface or the I/O data bus mode. 

1-1 Cartridge Interface (CTG-IF) 

A general diagram of the system is shown below. 




^AfMIO 


Bus 


1. Pine main unit 


Rj-l ■ 


C.M.H 

UNIT 


£iM.M 


r ^ Object to 
COfi be Measured 


Data and commands are transferred by communications 
between the D.M.M. and the GAPMIO (the Pine cartridge 
interface IC). 


Signal line 

CTXO (connector pin 2<3) 

DRXD (connector pin 14) 

Control line 

CDBO (connector pin 5) 


Command output line 
from Pine 

Data and ACK output 
line from D.M.M. 


(range selec- 
command) ROY 

ON/OPP control 


CDBO (connector pin 5) : Command (range selec¬ 
tion command) ROY 

signal 

CDB4 (connector pin 3) : Power ON/OPP control 

signal 

Signal line : Asynchronous serial communications line 
. 600 baud ^ * It is necessary to.set the 

. 1 start bit Pine serial communications 

. d bit data mode to CIG serial cornmu- 

. No parity nications mode. 

Control line : By setting to the I/O data bus mode, 
the Pine can control CDBO^ which in 

turn can control the ON/OPP of CDB4, 

the input line to the Pine. 

* I/O port set bits 1 and 0 at address 
18 to bit 1 = "0" and bit 0 
» " 1 ". 
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2. Outline of Measuring Functions 

The types of measurements include DCV, ACV, OHM and low 
power OHM. Data are 3 1/2 digits and maximum digit is 
2999. 

2-1 General Specifications 

Data Output : Data 3 1/2 digits max equals 2999, 

Output is BCD format, 3 byte overflow 
display, 10^ columns (most significant 
digit) is 3. Automatic sign selection, 
bit is set. 


bi 7 ^ ^5 4 2 I s 

SMimsSiki^ 

BCD BCD 

output output 


3rd 

byte 


Ifll 

column 


IqO 

column 


signal BCD BCD 

output output 


103 

column 

(overflow 

display) 


I02 

column 


Auto Range display 
Millivolt Units 
K ohm units 
Battery Low 

p fOecimal point posi- 
tion designation 

Symbol 

mV, V,J1, IcQ., Auto, 
Batt 


Data BCD format output 


* Decimal point position 
designation (one position 
of P3-P1 set to 1 or all 
set to 0). This is 
combined with the BCD 
output to display the 
actual value. 

When measuring resistance, 
the existence of K ohm 
units (K=1:K ohm units, 
KaQsohm units) is shown by 
the presence of this bit. 
For voltage measurements, 
millivolts are expressec 
with the presence of this 
bit (M=l:millivolts, 

M»0:V). 

* Auto : 'displays if is set 
to Auto Range with "1". 

* Batt : displays if the 
battery is low witn "1". 
When this bit is set to 
”1”, the battery must be 
replaced. 
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Case resistance : 1 fCV 

Measuring method : double integral system 

Range selection ; Auto range and fixed range 

Sample rate : Approx 4/sec (60 Hz area integral time) 

: Approx 5/sec (50 Hz " " " ) 

Precision guaranteed temperature and humidity : 

13 ^ - 28less than 80% R.H. (with 
no condensation) 

Optional temperature and humidity : 

5*C - 35 *0, less than 80% R.H. (with no 
condensation) 

Storage temperature and humidity : 

-20*C - 60*C, less than 70% R.H. (with 
no condensation) 

Power supply ; +/-1.5 V, size AAA batteries x 2. 

Battery low : 1.32 +/- 0.8 V sets Batt signal bit to 

" 1 ". 

Power consumption : 9 mw (3 mA) 
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Down range : When the count results is less than 
179 ; 

Example : When measuring within the 
30.00 K ohm range and the 
resistance drops below 1.79 

K ohm, this becomes 0.179 K 
ohm and the range is set to 
3.000 K ohm. 

2'>3 Input impedance- 

DCV : greater than 100 M ohm, 300.0 mV range 

approx. 10 M ohm, excluding 300.0 mV range 
ACV : approx. 10 M ohm 

2-*4 OHM opening voltage 

OHM : 1.5V+/-0.2V, 300.0 onm range 

: 0.65V+/-0.7V excluding 300.0 ohm range 
LP ohm : less than 0.4V 
(low power) 

2-5 Precision 

Allowable deviation : refer to appendix 1, 

Temperature characteristics : 

sld lift : •►/-O.S digit/"C 
gain lift : +/-400 ?pm/*C.fs 

2-6 Circuit overload protection 

V terminal : 500VDC or DC+AC peak. 

Ohm terminal : 250VAC 1 minute 

3. Integral time switching 

This is set to match the power supply (AC) in the area 
that the D.M.M. is being, used. (SOHz/SOHz) By setting 
the integra-l time, it is possible to suppress AC noise. 
The _integral time selection switch can be found by 
opening the. cover of the battery box. In terms of 
software, as described in the section on commands, it 
is set up so that bit 5 of ACKO receives this 
information. Through software, it is possible for the 
Pine to detect this setting. 
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4. Conunand Specifications (corresponds to BASIC) 

4-1 Activation 

(1) Connect the D.M.M. to the Pine cartridge unit. 

(2) Turn the Pine ON. 

(3) Set the Pine cartridge interface to I/O mode. 
Set the cartridge switches in the switch register 
(SWR, address 18H) CSWl, CSWO (bit 1,0) to 
CSW1»"0" and CSW0="1". 

OUT &Hia. 1 

(4) Power ON the D.M.M. and reset 

. CDB4 is the D.M.M. power ON/OPF control line. 

OUT SHIP. &HFQ 

It is necessary to wait at least 
5 seconds between these 2 
commands because of power ON and 

OUT &H10, &H00 

(5) Open the communications line between the Pine and 
the D.M.M. The cartridge serial communications 
port is used (600 baud, 8 bit data, no parity). 
OPEN "I". #1. "GOM3t fSSNlFNN)" 

OPEN "0", #2, "COM3; f88NlFNN)" 

(6) Set measuring mode 
PRINT »2 CHRS (&Hnn> 


bit? 
i 1 


n4 I n3 1 n2 I nl I nO 


1 byte command 


Fixed Unused 

(i) Range set 

Range signifies Auto 
range set 

R2-R6 are the Range 
' numbers as described 
in the section on 
measurement ranges. 


n2 nl nO , Rang e 
0 ~ 0 I 0 j 

0 0 ' r~|Cannot'*be! 

__lused j 

P 1 T o' R2 "■ i 

_p. l_'l i < R3~' _..! 

_l _Pj ■0~r'R4 ■ " ] 

1 ~ 0 ~ 1 r~R5 '• ' I 

1 1 0 R6 ! 
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(8) RUN command 

This command is instructed to D.M.M. in order to 
send the next set of A/D conversion data. This 
will execute only if ACKO is correct. 

PRINT #2.CHR$(XX) 

XX is not used and the contents does not matter 
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4-2 Data input 

The wlay ■ data 
setting. (n6) 
(i) For OUTPUT 


1 (RUN command 


2 A/0 conversion 
data 3 byte 
output 


3 

Range selection 
OK signal 
transmission 



®.M. 


* 

NO 


"Sange select!^ 


is input depends on the OUTPUT system, 
mode 0 

(D.M.M. Operation) 

When the RUN command is received 
by the D.M.M., 3 bytes of A/D 

conversion data is output then 
the Range selection OK signal is 
transmitted. After transmission, 
the D.M.M. waits for the Range 
selection signal and when this 
signal is receives, the Range is 
selected and switched and then 
output of A/D conversion data is 
resumed. 

If the Range selection command is 
not sent in the set interval of 
time, TI^u: OVER results and 

output of A/D conversion data is 
resumed. 

(1) A/0 data input 

DO « ADC(INPUTS(1,#1 )) 

D1 a A D C(INPUT$ (1,»I)~ ) 

D2 » A D C{INPUT$ (1,#1) ') 


^gnal inpuj 




Range selection 

I Wh 


Confirmation 

of 

Range 

selection OK 

signal 


RsINP(&H10) 



bit 0 of R is 

tested 


"0" “ Range 

selection 

OK 

signal 

active 


"1" = Range 

selection 

OK 

signal 

inactive 



Range selection is necessary 
after A/0 data input (manual 
Range). Range selection OK 
is confirmed to be active 
then the Range selection 
command is transmitted. 
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(3) Range selection conunand 

PRINT »2.CHR$(Qn) naO-6 

This corresponds to R9-R6 as described in the 
section on functions. 


When operated in this OUTPUT mode 0^ A/D conversion 
data will be entered in the TIME OVER interval and 
the sample rate as described in the general 
specifications can be obtained. 
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(ii) For OUTPUT mode 1 


(D.M.M. operation) 



When the RUN command is 
received by the D.M.M., 3 

bytes of A/D conversion data 
is output then the ACKl RDY 
signal is transmitted. The 
D.M.M. waits until the ACKl 
signal is received the 
resumes A/D conversion data 
output. 

(1) A/D data input 
DQaASC (INPUTS(l.#l)) 
D1»ASC(INPUTS(l^Dl)) 
D2aASC(INPUTS(l.#l) ) 

(2) ACKl RDY signal confir¬ 
mation 

R«INP (&H10) 
bit 0 of R is tested 
"0" » ACKl RDY active 
"1" » ACKl RDY inactive 
When the ACKl RDY = sig¬ 
nal becomes active, ACKl 
is transmitted. 


(3) ACKl signal transmission 


it? 

6 

5 

4 

3 

2 

1 

0 

Im? 1 

1 m6 1 

m5 1 

m4 1 

rnTT 

m2 1 

■rnTT 

mOl 


uu 


rn 




xT 

X 




X : 

Unused 



1 ^ 1 

m 

L^i 

HL 

-ii 

m2 

"niri" 

’mO^ 


nietn 

Range is not selected 
(switched) and A/D con¬ 
version data is 
requested. 

As expressed by m2-m0 
(base 2 ), 0-6 corres¬ 
ponds to R0-R6 Range 
and selects the Range. 
R1 is reserved. 
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4-3 A/D conversion data 3 bytes 


1st 

byte 


Wtl 4 s 4 s a I S 

111* 1^ k; I tf 


/ BCD output I BCD output 
'10^ column v iqO column 


2nd 

byte 


UkT 6 s » 3 g I 




sign 

BCD output 
10^ column 
BCD output 
102 column 


S: sign bit 
"1" : minus 
"0" : plus 

P1-P3: point designation 


I.B.B.0 


w^i 


10* 


10^ 


loO column 


3rd 

byte 


JLia & 


4. 3 g 1 a 




Auto Range 
M units 
K units 
Battery Low 
point 


^ A fi 

The value is express with 
the point and BCD. 

B: Battery Low bit 
"1" : Battery Low 
"0" : Battery O.K, 

When the battery is low, the 
internal batteries should be 
replaced. 

K: K units 

”1” : Expresses K ohms 
"0" : No K ohms (ohms or 
voltage measurement) 

M: r4 units 
"1" : Expresses mV 
"0" : not mV (V or resis¬ 
tance measurement) 
AUTO: AUTO Range 
”1* : Expresses AUTO Range 
”0" : Expresses Manual Range 
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4-4 Power OFF 

OPT SHIP. &HFO 

With this, the power of the D.M.M. is turned OFF. 

* The power is not turned OFF when the BREAK key is 
pressed, thus the power OFF conunand must be executed. 
(If this is not done, the D.M.M. batteries will be 
depleted.) 


4-5 Table of Commands 


Command Basic 


D.M.M. power ON & OUT &H10, &HF0 

reset out &H10, &H00 


Binary data value 


D.M.M. power OFF 


OUT &H10, &HF0 


HC set to I/O mode OUT &Hld, 1 


Communications OPEN <input mode>, <file number>, 

between D.M.M. and ”COM3:(88N1FF}" 

HC open 


Measuring mode PRINT#-, CHR$ n7 n6 
setting (&Hnn) 


ACKO descrimina- AaASC(INPUT$ n7 
tion (1,#-)) 


RUN conunand 


A/D data input 


PRINT#-, CHR$ 

(X, X) 


D-ASC(INPUT$ D7 
( 1 , #)) 


ACKl RDT, Range R«INP(&H10} 
selection OK 


Range selection PRINT#-, CHR$ 
command (On) 


ACKl acknowledge PRINT#-, CHR$ 
(Range not selec- (80) 
ted (switched)) 


file no. 
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5. Opeiation Flow 


1 (^HC power on) 

I 

^ Cartridge set 
to I/O mode pine 


^ O.M.M. power 

0» and RSSSTl •D.H.H 

■ I ■ — - L ,. . I 

^ Conaunxcatruns 
between O.M^. 
and HC opened I ftrie 

^ Measuring aode 

SSI __ -BH-M 


ACXO 

^scriainate^ ftr>e 


7 ROM coaaand 
. transmitted 


- ■ - ■ ■ ] gpogp OT aode 0 OOTPOT aode 1 

8 A/D conversion 
data input | 

9 Range selection 
OK signal 
transmitted 




Range se lect 
goounand 1npu< 


Range selection 


TITLE 


A/0 conversion 
data input 

i 

ACKl ROT signa. 
transmitted 


ACXl acknowledge 
received 
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Appendix 1 

. 

Allowable Deviation 

23 C +/-5®C 

80% R.H. without condensation. 


Function 

Range 

Allowable 

deviation 


300.0 mV 

+/-(0.5% cdg + 2 dgt) 


3.000 V 

ft 

DCV 

30.00 V 

M 


300.0 V 

m 


500 V 

+/-(0.8% rdg + 2 dgt) 


3.000 V 

+/**)0.8% rdg + 4 dgt) 

ACV 

30.00 V 

If 


300.0 V 

If 


350 V 

+/-(10% rdg + 4 dgt) 


300.0 

+/-(0.5% rdg + 4 dgt) 


3.000 K 

II 

OHM 

30.00 K 

» 


300.0 K 

II 


3000 K 

+/-(1.5% rdg + 4 dgt) 


3.000 K . 

+/-(0.8% rdg + 8 dgt) 

LP 

30.00 K 

II 


300.0 K 

II 


3000 K 

+/-(2.0% rdg + 8 dgt) 

' 1 

Remainder 

less than 4 dgts 
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Appendix 2 O.M.M. Power Supply 

The D.M.M. is designed to obtain it's power from batteries 
(size AAA internal batteries). This insulates it from the 
Pine main unit and serves to protect the Pine from the 
object being measured. However, if the object to be 
measured is less than 7 volts then there is no danger of 
the Pine being damaged. Only under these conditions, 
should the option to supply power from the Pine main unit 
to the D.M.M. be considered. 

When power is supplied from the pine main unit, if an AC 
adapter is used, checking and replacing batteries will no 
longer be necessary and is ideal for using over extended 
periods of time. However, note that there is a limit to 
the range that this method can be used and caution should 
be taken. 
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